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A Notable Power Transmission. 


In these days it is unusual to find a power 
trasmission plant which includes startling features 
of novelty, and it is therefore interesting to note 
in the Kern River No. 1 plant of the Los An- 
geles Edison Co. engineering of an exceptionally 
advanced type. This plant was described in the 
last two issues of this journal. The Los Angeles 
vegion was the scene of the earliest work on this 
continent in modern power transmission and the 
engineers of the Coast have consistently kept on 
the firing line of progress ever since. The first 
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plants of the Los Angeles Edison Co. were in 
the region of the original Redlands system and 
took their power from the streams in the southern 
canyons of ithe Sierras that sweep westward 
toward the Pacific. Most of the available powers 


-here have now been developed and in seeking 


an increase of output the engineers cast their 
eyes notthward. The present great plant is 
therefore on the Kern River, which is a tribu- 
tary of the San Joaquin clear across the mouti- 
tains and drawing its water from an.entirely dis- 
tinct watershed more heavily wooded and vi 
somewhat different characteristics. The result 
will be that the fluctuations in the total supply 
of power will be decreased, and the system will 
be the more reliable. The great network in the 
northern part of the Golden State has somewhat 
of the same characteristics, the De Sabla power 
house, for instance, drawing its water from a 
slope quite different in its character from that 
feeding the Electra powerhouse, yet there is 
probably no case where there is quite such inde- 
pendence in the water supply as in the Los An- 
geles system. 

Another striking characteristic of the Kern 
River plant is the very extensive and deliberate 
use of tunnels for the hydraulic works. This 
was partly suggested by the topography, but 
more probably by the extent of the works in 
length and capacity. Mlost of the California 
plants are fed by timber flumes, which follow 
the earlier practice of the ditch companies. 
Others with shorter distances to cover use steel 
pipe throughout. Here the main part of the con- 
duit is in tunnels lined with concrete, and what 
is still moré striking the pressure pipe above the 
powerhouse is itself a steel-lined concreted tun- 
nel practically clear down to the penstocks. Here 
again, topography had something to do with the 
matter, but ,the innovation is a striking one 
nevertheless and it certainly simplifies the carry- 
ing of the large volume of water since the steel 
is backed by the concrete and does not have the 
serious difficulties that would have been involved 
in a plain steel pipe of the requisite dimensions. 
The tunnel construction is undeniably expensive 
in first cost, yet the upkeep should be low 
enough to compensate in large measure for the 
fixed charges and the chance of a breakdown is 
certainly greatly diminished. A system like that of 
the Edison Co. must be considered as a whole and 
while the other plants act as a partial relay this 
20,000-kw. installation is so much the most im- 
portant oné for future work that it was certainly 
good policy to take no chances with the hydraulic 
works. 

In the design of the power plant itself, per- 
haps the most striking feature is the size of the 
units. The impulse wheels are probably by far 
the most powerful single units ever produced 
and the generators are the largest ever coupled 
to impulse wheels, especially when overload 
capacity is taken into account. The generators 
themselves are for 50 cycles, the frequency of the 
Original Redlands plant and of the later plants 
near it. Whether any lower frequency than this 
might be desirable at greater distances of trans- 
mission is an open question, but certainly there 
are no signs yet that even the long 60 cycle 
lines further north have been at all inconveni- 
enced -by the frequency. The voltage at present 
in the Kern River plant is 60,000, although the 
system is planned for the use of 75,000 volts 
later. In the climate of California there is no 
reason to hesitate in using it after the lines have 
been worked into good running condition. One 
of the interesting details in construction work 
to which attention should be called was the in- 
stallation of a temporary hydro-electric plant to 
supply power for driving the tunnels and doing 
other preliminary work, and even more charac- 
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teristic of Pacific Coast enterprise was the in- 
stallation of an automobile trucking line for 
carrying cement and other material up to the 
works from the railroad. Automobiles have been 
used in construction work times enough, but this 
particular operation is beautifully characteristic of 
the way they do things on the Coast, where con- 
servatism is not counted a virtue in and of it- 
self, and where standards are held precious only 
so long as they remain useful. It would be well 
if every Eastern engineer had to do a turn of 
duty in the Rockies and westward just to get 
shaken out of some of the hidebound precedents 
that infest Eastern practice. The Kern River 
system is now only at the start; there is room 
for other plants when the need for more power 
arises, and certainly the Los Angeles Edison Co. 
is to be congratulated on the daring and effective 
work it has already accomplished. 


Power-Plant Machine Shops. 


The development of power plants of very 
large capacity within the last few years has 
created many new problems in design and opera- 
tion. The question of maintenance of equip- 
ment with respect to continuous service is pres- 
ent in all commercial plants, but as the size of 
installations increases, the problem of local repairs 
assumes an importance which cannot be over- 
looked in any well-planned station. Repairs are 
frequent in small installations, but in a plant of 
from 10,000 to 20,000 kw. rating and upward, 
there is practically a continuous necessity for the 
pushing on of such work. The main generating 
units may not require the attention which is pro- 
portionally expended on smaller machines, but the 
auxiliaries and piping, valves, traps and other 
fittings in very large plants are employed on 
such a large scale that ample provision should 
be made for their maintenance, if possible, on the 
premises, 

The power-plant machine shop is the natural 
outcome of the foregoing conditions, and it is 
interesting to note the way in which the small 
shop is coming into its proper place in the de- 
sign of the larger plants. The comparatively new 
station,of the Suburban Gas & Electric Company 
at Revere, Mass.,; illustrates this tendency in 
plants of moderate size, where the custom is to 
pump-drive the necessary machine tools by a 
small motor; and the Port Morris station of the 
New York Central R. R., with its individually 
operated set of machine tools located on a spe- 
cial section of the turbine room gallery, shows 


_ the importance of the local shop in the exacting 


service of a very large plant. Formerly a simple 
workbench equipped with a vise and such tools as 
the operating staff might personally own and be 
willing to keep at hand sufficed for the machine 
shop of a power station, and there is no doubt 
that some ingenious and handy repair jobs were 
executed in this way. The conditions are more 
exacting in these days, and it is a source of sat- 
isfaction that progressive designing engineers are 
appreciating the economy of well-lighted and de- 
cently equipped repair shops in the important 
stations. This kind of maintenance work has 
yet to be put on a firm basis, however, for until 
very recently the minor plant repairs have been 
handled by pretty much any one on the engine 
room staff. The cost of these repairs has sel- 
dom been figured, records of the shop work per- 
formed have been few, and the actual money 
value of a good shop inside the power house 
walls has been left very much to the imagina- 
tion. 

It should be clear enough by this time that a 
simple shop with a few tools driven by power is 
desirable and necessary to the best results in al- 
most any plant, no matter how small it is. The 
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operating engineers usually possess considerable 


mechanical skill, and few stations are without 
the services of at least one man with special apti- 
tude for putting together simple, home-made rigs 
and combinations of apparatus which will save 
the plant good money every month when in- 
stalled. To encourage this kind of inventive abil- 
ity is worth a great deal more than the low fixed 
charges'on a lathe, drill, shaper and emery wheel 
with a small motor drive for the group. Even in 
very large plants there should be facilities for 
the working out of special ideas aiming toward 
securing lower fuel and water bills, reduced re- 
pairs and increased flexibility of operation. In 
the latter case, however, it is probable that the 
shop work will be so important that one or more 
machinists will be continuously on duty, and the 
exactions. of taking care of generating units of 
very large cost may leave little time for the de- 
velopment of special rigs. Unless meritorious 
ideas can be tried out, there is a defeating of its 
own ends in part by the power plant shop, and 
it should always be realized that a certain amount 
of research along economical lines is quite as 
important as the mere routine grinding of valves, 
straightening of stems, adjusting packing, and as- 
sembly of pipe fittings which so often absorbs the 
shop tools’ activity. Stch a shop can do valuable 
work in the assembly of a new plant, and some- 
times for months after it is started the shop will 
greatly facilitate the final adjustments of equip- 
ment, Direct connected tools with variable speed 
control are most advantageous in the face of 
their cost, in large stations, but even the small 
plant with group drive deserves better than hand 
facilities for the quicker and lighter repairs. 


Engineering Office Libraries. 


One of the most instructive recent papers for 
engineers is that by Mr. Lee, librarian of Stone 
& Webster, on the library department of that 
firm’s organization. An abstract of it appears 
elsewhere in this issue, from which it will be 
seen that the department is considerably more 
than a library, for it really is an information 
bureau, answering questions not only by tre- 
search in books and journals, but also by corre- 
spondence with those outside and inside the or- 
ganization likely to know what is desired by the 
inquirer. It is a recent development and prob- 
ably ten years hence will be strengthened along 
several lines which at present are but dimly rec- 
ognized, but the department to-day is a concrete 
demonstration of the important part printed in- 
formation plays in the actual business work of a 
large engineering organization. The day has gone 
by when a few school books will answer the re- 
quirements of such an office. The time lost in 
hunting for information or in working out prob- 
lems that somebody has already solved represents 
a considerable financial loss, which it is the pur- 
pose of this library department to save. 

It will be noticed that a large part of the 
library consists of documents, which is naturally 
the case with such a business as that of Stone & 
Webster. Apart from these papers, such docu- 
ments might well include all the results of minor 
investigations and experiments made practically 
all the time in engineering offices of much size. 
Any item of engineering information, jotted 
down on a sheet of appropriate size, is just as 
suitable for preservation in a real working 
library as.a three-volume treatise. Probably the 
lack of any system for filing such notes is the 
only reason they are not kept more often. Most 
engineers have attempted to preserve short notes 
in manuscript books, only to give up the practice 
when the trouble of writing them out and of 
finding them again has been discovered by ex- 
perience. In consequence, the same man often 
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has to hunt up information on a subject several 
times, just because it is not made permanently 
available when found the first time. Probably 
the time lost in searching for it once is trifling, 
but when that loss is multiplied several-fold, ‘the 
total is worth considering. Moreover, in a large 
office, the chances are pretty fair that a good 


“many people will repeatedly have occasion to 


refer to certain classes of information, so that 
a standing’order might properly be posted re- 
quiring all.information gathered in office time to 
be noted for filing in the library. Incidentally, it 
may be added, information likely to be generally 
useful and not of the nature of trade or profes- 
sional secrets, might be sent to class journals, as 
is now the custom quite generally in mechanical 
engineering, although not in civil engineering 
branches. i 

It will be evident from a consideration of Mr. 
Lee’s paper that the secret of usefulness of 
such a business library is its arrangement and 
indexing for immediate availability. It is this 
feature of the work that is most troublesome to 
the engineer and often proves hopeless to a 
trained librarian* without engineering education. 
The engineer is likely to regard many of the 
minor details of library work as mere fussiness, 
and consequently his own system, which lacks 
them, is likely to break down as soon as it is 
given a good trial. The trained library assistant, 
who believes that all knowledge can be classified 
by the decimal system, is thrown into confusion 
by the discovery. that there are more than ten 
equally important sub-divisions of some engineer- 
ing subjects. A decimal classification can be 
worked out which will probably give satisfaction, 
when used by people trained in its system; the 
experience at the Mechanical Engineering Depart- 
ment of the University of Illinois is an indication 
of this. On the other hand, the importance of a 
geographical classification is very evident in a 
business office, as Mr. Lee points out in his paper. 
It is safe to say that a business man consulting 
the bound volumes of any journal for informa- 
tion regarding the details of a power plant in St. 
Louis will look in the index for the name of the 
city rather than under “power plant,” yet index- 
ing geographically is considered crude by most 
trained librarians. Before a good classification 
for an engineering office library is adopted, it is 
therefore desirable for the owners to determine 
just what they wish to index and for the librarian 
to cast off all prejudices and learn what questions 
he will be asked to answer. It may happen that 
the decimal classification will prove best, or the 
geographical, or one which is arranged by letters 
instead of numbers, so as to avoid the limita- 
tions of the: decimal notation. Time spent in a 
thorough study of indexing before beginning the 
library arrangement is warranted by the vital im- 
portance of the subject. If the work is properly 
done and the library skilfully conducted in ac- 
cordance with the system thus developed, the re- 
sult will be to make readily available the informa- 
tion gathered by the office in its business and all 
the contents of class journals, trade catalogues 
and books. The command of such resources is 
worth a considerable sum in many offices. 

The library managed in this manner is particu- 
larly useful in securing the best results from the 
valuable contents of class journals. The librarian 
examines each publication carefully as soon as it 
is received, and any information of immediate 
concern to the business. of the office is brought 
to the attention of the man who is in charge of 
the subject. Even in offices which do not main- 
tain a library, it is often customary to have 
somebody examine all such publications as they 
are received, for whatever information of imme- 
diate interest they may contain. Where a library 
organization is maintained, however, this ex- 
amination is more complete, and articles likely to 
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be of permanent value are indexed according to 
the library classification, thus making it unneces- 
sary to refer in many cases to the indexes of the 
volumes themselves, which is a tedious and often 
unsuccessful method of search. Attention is par- 
tircularly called to this point, because many offices 
are doubtless already spending a considerable part 
of the sum needed for pretty fair library work on 
an examination of journals and trade publica- 
tions for temporary purposes only. Whether it is 
best to issue a regular bulletin of notes regarding 
the contents of class journals, as is done by Stone 
& Webster, must be decided by the special condi- 
tions of each case, but it is probably true that 
most companies conducting a technical business 
find it desirable to subscribe to enough copies of _ 
each important journal in their lines to provide a 


. file. in each branch office as well as at headquar- 


ters. 


Reinforced Concrete Floor Plates or Slabs. 


The problem of determining stresses in either 
rectangular or circular plates supported or fixed 
along their edges has always been a complicated 
matter in the theory of elasticity of solid bodies, 
and there has never yet been established a satis- 
factory simple theory of such plates. Nor have _ 
there yet been made enough tests of the bearing 
capacity of such plates, either to enable purely 
empirical formulas to be established or to de- 
termine empirical coefficients for the analytic 
formulas of the provisional theories thus far pro- 
posed. The whole subject was ‘considered to be 
more of analytic interest than of practical im- 
portance until the extended application of rein- 
forced concrete to the construction of floor plates 
or slabs has given to it a degree of real importance 
which it hitherto has not possessed. 

The Engineering Record has commented upon 
this general topic in the past, but the many in- 
quiries which have lately been made regarding 
the proper methods to be emp!oyed for the design 
of these plates, and the regulations for their con- 
struction which have been proposed by many 
bodies, including the French government, show 
that the subject needs much more consideration. 

In the issue of this journal of Aug. 3 there 
will be found a number of formulas set forth in 
the appendices of the reports of the British Joint 
Committee on Reinforced Concrete. There is 
no attempt in that report to go into any such 
extended and refined analysis as that given by 
Clebsch, Bach and others who have treated the 


“problem as belonging wholly to the theory of 


elasticity. Perhaps it is as well that some ap- 
proximate or conventional theory should be em- 
ployed. That procedure certainly contributes to 
simplicity and avoids the complication of the exact 
theory, which, after all, is based upon such nice 
conditions regarding the supported edges and 
their continuity, when continuous, that they are 
never realized. It is in the interests of the ac- 
tual features of the case, therefore, that approxi- 
mate or provisional and simple theories should be 
adopted, in which empirical quantities may be 
introduced. What is needed is some reasonable 
expression for carrying capacity which may be 
made accurate enough for all practical purposes 
by an empirical factor determined by tests upon 
full-sized plates loaded as in actual use. The 
principal formulas of this class are those of Ran- 
kine and Grashof, or some similar formulas, with 
the later additions of Bach’s empirical theory, _ 
and such regulations as those of the French gov- 
ernment. 

The formulas of Rankine and Grashof for rect- 
angular plates are chiefly based upon their as- 
sumed division into narrow strips parallel to the 
two sides of the rectangle, these strips being 
supposed to be so loaded as to make their center 
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deflections equal. Other formulas have also been 
based upon these fundamental assumptions, but 
developed into little different shape for the pur- 
pose of meeting the conditions otherwise ignored. 
These assumptions, like all of this conventional 
class, result in approximate formulas involving 
_far too much error for unlimited use under any 
circumstances, but they yield forms which can 
frequently be effectively used in connection. with 
tests of actual plates. In this manner factors or 
coefficients based upon such tests can be fitted to 
them so as to make them sufficiently accurate for 
purposes of design, within limits wide enough to 
give them much practical value. 

The assumption that these strips of plate at 
right angles to each other must have equal center 
deflections is, of course, erroneous for all except 
those that are axial to the plate, and in the 
vicinity of the four sides of the plate the error 
is large. Again it is always assumed in this par- 
ticular class of problems that the distribution of 
pressure along each edge of the plate is uniform, 

‘a condition never realized and sometimes very far 
from being realized. In the case of reinforced 
concrete plates, fortunately, this particular as- 
sumption probably does not involve material error. 
On the other hand, such plates are almost in- 
variably continuous and the degree of fixedness 
around the edges is not only undeterminable, but 
it varies with the amount and position of loading. 
Under such circumstances, it is manifestly impos- 
sible to determine any accurate theory of treat- 
ment. The only possible procedure giving any 
promise of practical value is that already indi- 
cated, viz.: to test plates in as near actual condi- 
tions of use as possible, observing carefully their 
action with different loadings up to failure and 
then by aid of these tests to fit empirical quanti- 
ties to the best form of approximate formula 
which can be devised. 

The recent tests of Bach indicate that the great- 
est bending moments in square plates, and those 
nearly square, are found along the diagonals, and 
this probably holds for plates that are consider- 
ably oblong in shape, but not for long and nar- 
row plates. In the central portion of the latter, 
at least, the line of maximum bending moment 
usually is parallel to the two longer sides. 

The carrying capacity of plates, both rectangu- 
lar amd circular, needs a most careful and com- 
prehensive analytical study, as well as an equally 
extended experimental investigation with their 
sides either continuous or simply supported. 
With the extensive use of reinforced concrete for 
floor construction, it has become of great practi- 
cal importance to have available methods of de- 
sign which can be depended upon to yield rea- 
sonably accurate results, especially for the heavy 
floor loads now required for both storage pur- 
poses and manufacturing machinery. 


Notes and Comments. 
isa es 

PATCHING REINFORCED CONCRETE is often done 
so quickly that the engineer in responsible charge 
of the work is unable to see just what conditions 
are hidden by the patches. It is well known, how- 
ever, that sometimes these conditions are decided- 
ly bad and indicate a lack of careful workman- 
ship which should not be tolerated. Mr. H. M. 
Kennedy has recently made the suggestion that 
the building code of a city should prohibit such 
patching until the spots to be covered have been 
examined by a city inspector. Just how this rule 
would work in practice is somewhat doubtful, for 
the trouble in getting an inspector to pass on 


» work is already serious in some cities and causes 


delays which reach a large total in a building 
operation of some magnitude. Mr. Kennedy 
states that in the work of his company a rule of 
this sort was put in force some years ago, ac- 
cording to which absolutely no patching is al- 
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lowed to be done on concrete work immediately 
after it is stripped of its forms until it has been 
thoroughly examined and passed by the company’s 
own inspectors. The result has been that every 
superintendent, foreman, and workman realizes 
that the work done under his supervision or by 
him is subjected to a minute scrutiny, and in 
consequence the character of the work has risen 
considerably above what it was before the rule 
was adopted. 


THe New Haven ELecrrirication described 
last week is particularly interesting to railway 
civil engineers as departing from the third rail 
construction which has been in this country the 
accepted means of current supply when large 
units are used. Granted the use of. high voltage, 
which is the condition of success in heavy rail- 
way work, the third rail becomes progressively 
less desirable as the voltage increases. At 11,000 
volts, the pressure used for distribution on the 
New York, New Haven & Hartford, overhead 
construction is a necessity, and the engineers in 
charge very evidently made up their minds to 
take no chance in installing it. For high-speed 
work with an overhead trolley the catenary con- 
struction is also necessary. The section of road 
concerned contains a varying number of tracks 
and could not well be broken by pole lines, and 
the result was exceedingly solid, although costly, 
bridge construction. No electric traction system 
has ever been put in under more strenuous con- 
ditions than this, since the terminal requirements 
of direct-current operation demanded not only 
motors of very remarkable properties, but a com- 
plete duplicate collection and control system. It 
was wise policy to take no chances with the over- 
head equipment, making it mechanically as sound 


* and perfect as possible regardless of cost. 


ALTERNATING CURRENT FREQUENCIES are now 
receiving the earnest attention of electrical engi- 
neers to whom they have the same significance 
that the battle of the gauges had to railway 
engineers a quarter of a century ago, At. the 
present time 60 and 25 cycles are standard 
American frequeneies, although others are in 
use in old plants. It is now seriously pro- 


posed to add another frequency to the list, 15, 


cycles per second, for the sake of the recently 
developed single-phase series-motor, for inter- 
urban and electrified steam railroads. The out- 
put of am alternating-current series motor is in- 
creased by lowering the frequency from 25 to 15 
cycles per second, although the amount of in- 
crease is a matter of difference of opinion, those 
in favor of the change claiming 30 per cent. to 
35 per cent., and those opposed claiming only 
about I5 per cent. The reduction in frequency 
would involve an increase in the size and weight 


of the generators at the power houses and of — 


the transformers, both step-up and step-down. 
The question at hand is whether a certain per- 
centage more motor power can be placed on a 
single-phase locomotive sufficient to pay for the 
inconvenience and expense of a change in fre- 
quency. The question is a serious one from the 
standpoint of the future, although not a serious 
one from the standpoint of the present. Rail- 
roads, more than any other engineering struc- 
tures, must correspond, and be built to stand- 
ards. If one large railroad should become elec- 
trified at a frequency of 15 cycles per second, it 
would probably necessitate the sequence of fu- 
ture roads on the same frequency. It would 
then probably be too late to retrace steps, or 
change the frequency. 


MoLECULES AND ELECTRONS were the cause of 
a battle royal at the recent meeting of the Brit- 
ish Association. So far as the molecule is con- 
cerned it would be difficult to mention’ any proxi- 
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mate doctrine that has been more important to 
theory and practice than the splendid speculation 
of Kekulé, and yet in view of the work of Van 
t'Hoff and his successors no chemist would seri- 
ously defend the thesis that the carbon atoms 
in a molecule of benzol are literally arranged in 
the conventional hexagon. It is quite sufficient 
that they behave in many respects as if they were 
actually hooked together with valences. As with 
the molecule so with the atom. For more than 
a quarter-century past it has been perfectly well 
understood that the atom must be dynamically 
complex and the epoch-making work of Men- 
deleéf left little doubt in the mind of any serious 
thinker that the so-called elements are in some 
way structurally related. As to the electronic 
theory of matter, it works out very prettily up 


to a certain point, like other theories of matter 


and then gets into trouble. If one postulates sub- 
atomic particles endowed with any plausible set 
of properties, their interactions can be made to 
fit a large number of the more general properties 
of ponderable matter, as witness various specu- 
lations from the day of Apinus up to date. We 
have had Maxwell’s idlewheels and the vortex 
atom and a few others within recent years, and 
it does not help the matter much to call the fun- 
damental unit chosen “electricity.” Truth to tell, 
there is very little known experimentally about 
the electron and until more is found out about its 
dimensions and relations, its derived properties 
are of secondary interest. This much is clear, 
that a sufficient breach has been. made in sub- 
atomic dynamics to justify an assault in force, 
which, whether it succeeds now or a century 
hence, can never wholly be driven back. Great 
experimenters are particularly needed just now 
and they are painfully searce. There is a ten- 
dency toward rushing into print with work half 
completed and ill done that is perhaps in keep- 
ing with the spirit of the times, but which accords 
poorly with scientific conscientiousness. 


Tue Power DsvELOPpMENT which the Chicago 
Sanitary District Trustees desire to carry out by 
extending the drainage canal through Joliet and 
erecting a plant at Brandon’s Road seems likely 
to arouse a bitter struggle in the legislature be- 
fore the bill authorizing the work is passed. Ac- 
cording to a statement issued by a Joliet taxpayer, 
Mr. John’ H. Garnsey, the electrical power now 
generated at Joliet is developed at a dam owned 
by the State but leased to the Economy Light & 
Power Co., and if this dam is removed as pro- 
posed by the Sanitary Trustees and a new one 
built 2 miles below it, neither the city nor the 
State will be able to exercise any control over 
the power. The 35,000 to 40,000 h.p. which the 
Sanitary District Trustees expect to generate at 
the lower dam, will be used for the benefit of the 
Sanitary District and the people of Joliet will 
suffer thereby. In reply to this statement, Presi- 
dent R. R. McCormick, of the Trustees, has given 
out a letter stating that the company purchased 
for less than $100,000 the marsh land at the pro- 
posed terminus of the canal extension and has 
fixed a price on it of $3,000,000 to the Sanitary 
District. It is the latter which will make the 
property valuable by constructing the canal ex- 
tension and the Trustees do not believe they 
should be held up for the benefits their work 
creates. No promise to furnish 40,000 h.p. has 
ever been made, but on the contrary the Trustees 
have offered to furnish the city of Joliet with cur- 
rent at a price equivalent to $38 per street light 
per year, an offer which was not accepted, al- 
though the Economy Co. is paid $75 a year. It 
is evident from these extremely divergent state- 
ments that there is a good prospect of hearing 
some important debates on hydraulic power de- 
velopment at the next session of the Illinois legis- 
lature. 
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MOVABLE CREST DAMS AT THE WATER POWER DEVELOPMENT 
OF THE CHICAGO DRAINAGE CANAL. 


Two movable crest dams, one 12 ft., and the 
other 48 ft. in length, are included in the water- 
power development of the Chicago Drainage 
Canal at Lockport, Ill. This power development 
will render available 33,000 h.-p. at the turbine 
shafts, based on a uniform flow of 600,000 cu. ft. 
per minute under the head of 36.5 ft. obtainable 
at the development, and on the guaranteed hy- 
draulic efficiency of the turbines of 80 per cent. 
Under actual working conditions with an aver- 
age flow at the rate of 600,000 cu. ft. per minute 
for the entire 24 hr. there will be available for 
peak loads 50,000 h.-p. or more, depending on 
the load factor. The works required to develop 
this power include an extension of the canal 
10,700 ft. long, with a uniform channel width 
of 160 ft. and a nominal depth in this channel 
of 24 it. the extension being partially in excava- 
tion and partially between concrete retaining 
walls and earth and rock embankments, a 
69x380-ft. two-story power house and a tail race 


in earth and rock excavation, which is 6,800 ft. 


long, 160 ft. wide and affords a minimum depth 
of 22 ft. of water. 

The canal extension is widened at its end at 
the power house to 522 ft., by a change in the 
direction of the right-hand retaining wall contain- 
ing it. A forebay is thus provided for the power 
house, and space is obtained in a cross wall at 
the end of the head race and between the left- 
hand retaining wall of the latter and the off- 
shore corner of the power house for the two moy- 
able crest dams, a lock for the Illinois & Michi- 
gan canal and a lock for the canal of the pro- 
posed Chicago to the Mississippi River deep 


Sector of 48-foot Dam, Blocked up during Construction. 


waterway. The power house has nine water tur- 
bine chambers on the upstream side which open 
directly into the forebay of the power housé and 
are protected by trash racks, inclined slightly 
from the vertical. A heavy concrete fender wall, 
525 ft. long, is built across the forebay from 
the right-hand retaining wall of the head race 
to the stream end of the power house, making 
an angle of about 80 deg. with the upstream side 
of the latter. This wall has fourteen arched 
openings in it, the tops of the openings being 
submerged at normal stages of water in the head 
race, and is provided to prevent vessels and large 
obstacles reaching the forebay. The 12-ft. mov- 
able crest dam is 45 ft. from the offshore up- 
stream corner of the power house, in the cross 
wall at the end of the head race and inside of 
the downstream end of the fender wall. The 


.of the downstream end of the fender wall. 


48-ft. movable crest dam is separated from the 
12-ft. one by a concrete and iron structure, 12 
ft. wide, which contains the operating apparatus 
for both dams; this dam is immediately in front 
Be- 
yond the larger dam and separated from it by 
a 24-ft. length of the cross wall at the end of the 
head race is a 20x220-ft. lock for the Illinois & 
Michigan canal. A heavy concrete guard wall, 150 
ft. long, is extended upstream between the larg- 
er dam and the lock, at right angles to the 
cross wall of the head race, to prevent vessels 
being carried against the dam. Between the lock 
and the left-hand retaining wall of the head race 
is a 150-ft. length of the end wall of that race in 
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velopment has been placed in service these works 
will be used only in an emergency. The two 
movable dams at the power house will then regu- 
late the rate of flow, a vertical butterfly dam 
across the upper end of the head race being pro- 
vided so the flow into the race may be shut off, 
if desired. . 

The 12-ft. dam is designed to provide means 
of passing all drift that finds its way under the 
fender wall into the enclosed bay above the power 
house. The trash racks over the openings into 
the turbine chambers of the power house are ex- 
tended above a platform over those chambers. 
The upper end of the rack curves over a narrow- 
gauge track, which is laid on this platform and 
extends the length of the rack, so that small 
cars on the track will come partially under the 
curved ends of the latter. The trash which will 
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General Plan of Works at the Power Development Site. 


which the end of a lock for the proposed ship 
canal can be built. 

The two movable crest dams are provided to 
furnish a passage for all drift, such as ice, float- 
ing materials, waterlogged and submerged drift- 
wood, and so forth, which cannot safely pass 
through the water turbines in the power house; 
and for controlling the rate of flow in the main 


drainage channel at times when only a portion 


of that flow is passing through the power house, 
and when otherwise necessary. Controlling 
works at one side of the end of the portion of 
the canal which is now in service are used at 
present for regulating the rate of flow in the 
Drainage Canal. These works are just above the 
upper end of the head race of the power develop- 
ment, the flow through them being discharged 
into the Des Plaines River. When the power de- 


collect on the rack may be pulled up over the 
end of the latter into the cars, which can then 
be run out on a bridge over the 12-ft. dam and 
dumped. The narrow-gauge track also extends 
across a bridge over the 48-ft. dam and out to 
the end of the guard wall of the canal lock. Ma- 
chinery parts for the power house equipment may 
thus be delivered on vessels in the canal and 
then taken to the power house on this track. 

The two movable crest dams are practically 
alike in details ‘of construction and operation. 
Each movable crest is built of structural steel 
shapes and steel plates and is practically a 45- 
deg. sector of a cylinder with a 26-ft. radius. 
Each sector is hinged horizontally along the axis 
of the cylinder of which it would form a part, 
to the top of a back wall on which it is mounted 
on the downstream side. The radial deck plane 
and the curved upstream front of the sector are 
made watertight with steel plates, the deck being 
provided with steel angles for ice skids. The 
deck plane, the lower radial plane and the curved 
face are heavily reinforced by intermediate steel 
frames. When the crest formed by the intersec- 
tion of the curved face and the radial deck plane 
is at the maximum operating height, the lower 
radial plane of the sector is horizontal. As the 
crest is lowered the sector rotates on its axis and 
moves into a space in the concrete base which is 
also approximately a sector of a cylinder, of 
about the same radius as that of the crest, the 
radial deck being horizontal when the crest is at 
its lowest position. The crests of both dams have 
a vertical range of 18 ft. from 2 ft. above to 16 
ft. below Chicago datum, the water surface above 
the dams being 4 to 6 ft. below that level under 
normal conditions of flow. 

The clearances and packing details between the 
ends of the movable sector and the faces of the - 
concrete wall in which the sector is inserted, be- 
tween the curved face of the sector and the top of 
the breast wall of the base.and at the hinge on 
which the sector rotates are designed to confine 
the water in the chamber under the dam. Water is 


wai 
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admitted to and discharged from this chamber 
through controlling valves provided for the pur- 
pose. Air pipes under the radial deck of the 
dam are designed with details to maintain a 
free water surface in the chamber. The opera- 
tion of the sector dam is similar to that of a bear- 
trap dam, the pressure due to the head of water 
under the sector balancing the weight of the lat- 
ter and that of the stream flowing over it. This 
equality of moments holds for all positions of 
the crest, so that the sector being in equilibrium 
may be raised or lowered simply by raising or 
lowering the level of the water in the chamber 
under the dam. The height of this water level 
is controlled by a special balanced valve, called 
a weir tube, which is placed in a pit under an 
operating house between the two dams and is 
easily moved by a hand wheel in that house. 
Under the conditions of operation, the head of 
water required in the chamber will always be 
lower than the available head in the head race, 
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hinge box which is bolted to the movable sector. 
The hinge forms a water-tight joint between the 
concrete base and the movable sector. The up- 
per and lower radial planes of the latter do not 
come quite to an intersection, but are connected 
by a tight diaphragm of steel plates tor which the 
hinge box of the joint is attached. Two 1%-in. 
extrazstrong galvanized-iron pipes are placed 
the length of the joint and have connections by 
which they may be supplied with live steam, so 
the joint may be kept free of ice in severe 
weather in case no water should be flowing over 
the dam. 

The face of the concrete walls at both ends of 
each dam are sheathed with steel plates riveted 
to Z-bars built into the concrete. These plates 
are normal to the hinge axis of the movable 
crest, and are %4-in. from and parallel to the fin- 
ished end of the latter at 60 deg. Fahr., so that 
the sector may rotate through its are of 45 deg. 
and have %4-in. clearance in all positions. In or- 
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form the curved cylindrical face of the sector~ 
have planed edges and have the rivets which at- 
tach them to the frame of the sector counter~ 
sunk. A steel angle, in 6-ft. lengths, is attached 
horizontally. to a steel bed plate on top of the 
breast wall in such position that the full face of 
one of its legs bears against the curved face of: 
the sector. 

Three 14-in. extra strong pipes to. each panel 
of the sector connect the upper part of the cham- 
ber under the dam with the atmosphere and pro- 
vide free air circulation above the water in the 
chamber. One of each three of these pipes per- 
mits a free flow of air or water into or out: of 
the chamber, but the other two are provided with 
check valves which prevent an outward flow so- 
the water will not be siphoned out.of the cham- 
ber. Such water as may leak into the chamber 
will be carried away by the pipes, however, if 
the water level rises above the level of the open- 
ings of the latter. 

When the dam sector is at its highest position, 
it can be blocked up by a series of props under 
the top of the plate on the breast wall which car-— 
ries the packing angle that bears against’ the 
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the level in the latter ranging from 8 ft. below 
to 2 ft. or more above Chicago datum, in extreme 
cases. : 

A heavy. cast-iron bed plate anchored to the 
top of the back wall of the concrete base carries 
the hinge on which the movable crest rotates. 
The anchorage for this bed plate consists of two 
rows of 2%4-in. bolts. One row of these bolts is 
along the inner edge of the bed plate, the bolts 
being 2 ft. apart and extending vertically 16 ft. 
into the concrete base to anchor plates; the tops 
of the bolts in the other row are attached along 
the outer edge of the cast-iron bed plate, these 
bolts, which are 2 in. in diameter and 1 ft. apart, 
extending back at a 45-deg. angle to anchor 
plates 24 ft. from the face of the dam. 

A cast-steel hinge chair is bolted to the heavy 
cast-iron bed plate on the back wall. This hinge 
chair is in 5-ft. 11 15/16-in. lengths, a clearance 
of 1/16 being provided between the lengths, a 
Y4-in. groove filled with cork packing preventing 
leakage. A 4-in. annealed steel journal is car- 
ried by the hinge chair and operate in a babbitted 


TH 


Arrangement of Movable Crest Dams. 


der to make these joints between the sector and 
the walls practically water-tight, a 114-in. angle is 
placed loose over each joint the length of the 
deck plane of the sector. The tendency of the 
water flowing over the dam to enter the dam 
chamber through’ the joints at the end of the 
sector holds these angles in the joints. The 
angles are attached in such a manner as to pre- 
vent them from floating away or from being torn 
off by debris flowing over the crest. They are 
held against the side of the concrete wall by stiff 
steel springs. As under certain conditions the 
water in the dam chamber will tend to flow out 
of the latter, the joints at each end are also 
packed with brass on the inside along the part 
of their lengths where such outward flow might 
occur. 

The joint between the curved face of the mov- 
able sector and the curved portion of the breast 
wall of the concrete base forming one side of 
the chamber under the sector is packed at the 
top of the breast wall in a manner which is de- 
signed to render it watertight. The plates which 
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curved face of the sector. These props are notch- 
ed cast-steel pawls which are spaced 12 ft. apart 
and are keyed to a 2 11/16-in. steel shaft so 
they can all be moved together. When the sector 
is resting on these props the water may be dis- 
charged from the chamber under the sector and 
the chamber entered for inspection, cleaning, and 
so forth. it 
The operation of both dams is controlled from: ’ 
a one-story concrete-block house, 12x26.5 ft. in 
plan, between the two dams. This house covers 
three pits in the concrete substructure on which’ 
it is built. These three pits are in a row, the 
axis of which is normal to the axis of the dams: 
The upstream one is called an inlet pit and is ' 
divided by two transverse walls into three wells; ' 
the middle well of this pit is connected through 
a conduit in the concrete wall between the two 
dams ‘with the canal just above the 48-ft. dam.’ 
The port of this conduit is covered by a coarse 
trash rack mounted on a frame set flush with the 
vertical face of the wall. The water passes 
through a fine mesh rack in a wall between the 
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cend of the conduit and inlet pit before reaching: 


the latter. The middle well of the inlet pit con- 
itains three valves; a pipe in the bottom of this 
»well connects the two outside wells and is fitted 
‘with a gate valve, and the wall separating each 
‘outside well from the middle well is built with an 
@pening, controlled by a sluice gate valve, through 


which the flow of canal water into each of the ~ 


-outside wells is controlled. All three of these 
walves are fitted with non-rising stems which 
‘terminate at the level of the floor over the pit 
-and are operated by removable wheel keys. The 
anlet well, and through it the chambers under the 
-dam, may be emptied through a conduit leading 


mto the pit under the wheel bay in the power © 


‘house. 

. Each of-the two outside\ wells of the inlet pit 
communicates both at the top and bottom with 
the chamber under its corresponding movable 
-dam. As the arrangement of the two wells is 
the same, a description of one will serve for both. 
“The outer wall of the well is formed by the 
sheathing plates. on the face of the wall at the 
vend of the movable sector. 
ing plate is an opening from the outside well of 
‘the inlet pit into the chamber under the dam, 


Beneath the sheath- | 
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third pit has a window or door.at the bottom on 
the tail race side and communicates with the 
chambers under both dams and with the. outlet 
conduit from the weir tube pit. It contains a 
steel shaft and crank from each dam, harnessed 
in the operating room above to models of the 
dams which will indicate separately all the posi- 
tions of each dam. Two pairs of 12-in. float 
gauge pipes, 12 ft. long, are also located in’ this 
pit and have connections which will indicate 
through floats attached to pointers, all stages 
of water above the dams and in the chambers 
under the latter. The pit is covered with a steel 
angle frame carrying a floor of hinged cast-iron 
plates.. The weir tube counterweights and gears 
for operating the two weir tubes by means of 
floor stands in the operating room are placed 
under this floor. A bay window is placed at 
both ends of the floor over the indicator pit, 
in the sides of the operating house. The indicat- 
ing gauges for one dam, the wheel for operating 
the gear of one weir tube, the model showing 
the position of the one dam, and so forth, will 
all be placed close to one of these windows and 
the similar appafatus for the other dam close 
to the other window so that they will be in 
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lent disturbance at any point. In the first 110 ft. 


‘of the race the width is gradually increased to 


54 ft., the bottom dropping away from the dam 
on a slight grade. The bottom in this length is 
lined with a concrete floor anchored by bolts to 
the solid rock on which all of the structures of 
the power development are built. At-the end 
of this 110-ft. length the bottom drops 11 ft. in | 
1o ft. forming a 55x75-ft. pool; beyond this is 
a second pool, 55x60 ft. in plan, which has 3 ft. 
less water in it than the first. A channel still 
3 ft: more shallow than the second pool extends 
from the latter to a weir oyer which the water 
is discharged into the power house tail race. 
This weir has a total length of 275 ft., the tail 
race widening out to form a pool of that width 
just above it. A length of 48 ft. of the weir 
at one end has its crest 2 ft. above the bottom 
of the large pool at the lower end of the race; 
the crest of the balance of the weir is 5 ft: above 
the bottom of that pool. One side of the tail race 
is built on a curve so the principal flow over the 


‘dam will follow along it and pass over the low 


portion of the weir. 
The power development of the Drainage Canal 
is being carried on under the direction of Mr. 


Fender and Guard Walls at Movable Crest Dams from the Upstream Side. 


‘this opening being controlled by a sluice-gate 
‘valve with its valve rod passing up in that well. 
A rod on a lever which controls the shaft to 
which the props for supporting the dam are keyed 
also passes up in this well. A removable section 
-or door opening into the inlet well is placed in 
ithe sheathing at the top of the well and pro- 
‘vides means of entering the chamber under the 
dam when the latter is blocked up on the props 
in its highest position. In order to avoid: acci- 
dent to the operators or to the dam, this’ door 
is so designed that when it is in place it locks 
the rack bar which operates the dam props and 
the valve rod which operates the sluice gate at 
tthe bottom of the chamber. 

A pit containing two vertical weir tubes is 
mext to the inlet pit under the operating house. 
These weir tubes are made of 26-in. pipe and are 
‘swung from the top on chains passing over a 
air of pulleys to counterweights. One of the 
tubes is connected with the chamber under one 
‘dam and the other with the chamber under the 
other dam, the water flowing out of these cham- 
‘bers over the circular weirs formed by the tops 
of the tubes. The height of the water level in 
these chambers can be regulated therefore by 
varying the height of these circular weirs, and 
the position of the crest of movable sector will 
thus be changed accordingly. This regulation of 
the height of water in the two chambers can be 
done separately or together, and is under perfect 
control at all times. An outlet conduit leads 
from the weir tube pit to the tail race of one 
of the dams. 

The third pit under the operating house is at 
the downstream end of the substructure under the 
latter and next to the weight tube pit. This 


easy sight and reach of the operator as he stands 
in the window. The operator-may thus observe 
the movement of the crest of the dam as the 
regulating devices are manipulated, without leav- 
ing those devices. 

The bridge over each dam opening in the end 
wall of the race is placed so a needle dam of 
timbers may be placed across the opening and the 
flow of water over the dam cut off as a final 
resource in case of an accident to the dams, or to 
a butterfly dam across the head race at the junc- 
tion of the latter with the main canal. These 
bridges are of the through plate-girder type, their 
bottoms also being plate girders in order to bring 
both side girders into play when the upper ends 
of the timbers of the needle dam are placed 
against the girder. on the upstream side. The 


lower end of the needle dam timbers will rest 


against a cast-iron plate in a shoulder on the 
upstream side of the base of the dam. 

The downstreath faces of the back wall of both 
dams is designed to suit the various conditions 
of flow. The 12-ft. dam has a tail race, 12 ft. 
in width, which connects with the tail race of the 
power house. The 48-ft. dam also has a tail 
race, 575 ft. long, connecting it with the tail race 
of the power house. Under certain operating 
conditions 40,000 h.-p. in water will pass over the 
48-ft. dam, and will have to be dissipated be- 
tween the latter and the tail race of the power 
house. Experience with the bear trap dam at 
the controlling works on the main canal has dem- 
onstrated that careful preparations must be made 
to gradually reduce the velocity of the water 
flowing over such a dam. The tail race of the 
48-ft. dam is designed specially to break the force 
of the water flowing over the dam, without vio- 


Isham Randolph. Mr. E. L. Cooley designed 
and detailed both of the movable dams. 


Srwace DisposaL at NorwicH, ENGLAND, wiil 
be conducted in an unusual manner, according to 
the London “Times,” which states that Mr. A. E. 
Collins is the engineer of the works. The sewage 
will be forced by centrifugal pumps against a 
head of 117 ft. through a 33-in. reinforced con- 
crete conduit about 2%4 miles long to one or both 
of two vertical pipes and discharge over bell 
mouths into one or more of four detritus pits. 


- The latter will have sharply sloping bottoms, and 


will be provided with sludge outlet valves leading 
to Shone pneumatic ejectors, by means of which 
the detritus can be delivered through rising mains 
to the higher levels of the farm. The arrange- 
ment of these pits is such as to enable nearly the 
whole of their cleansing to be done without stop- 
ping the flow of sewage through them. After 
leaving the detritus chambers the sewage flows 
over measuring weirs into the common supply 
channel of four hydrolytic tanks. The sewage 
leaves these tanks under a “skimming wall,’ and 
passes into further hydrolytic chambers provided 
with what are known as hydrolyzing cells. These 
cells are constructed with a large number of 
nearly vertical slate divisions, the object being 
to present as extensive a surface as possible. The 
solids in solution deposit upon these surfaces in 
the form of a feathery sludge which, on reaching 
a certain thickness, mostly falls to the bottom. 
It is removed from the tanks at intervals without 
interfering with their working;'and flows to the 
Shone ejectors. The effluent will be used for - 
irrigation of farming lands. 
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Retaining the Sides of a Large Excavation. 


The new six-story steel-frame wholesale meat 
market building for Swift & Co., at 153rd St. 
and Brook Ave., New York, with its vaults under 
the 20-ft. sidewalk on two sides, occupies a 65x 
135-ft. area which has been excavated to a depth 
of about 21 ft. through to ft. of loose fill above 
a deep stratum of fine sand and quicksand, with 

abundance of ground water at a distance of 


Sheeting and Bracing the Excavation for 


about 12 ft. below the surface. The site was 
originally the bed of a considerable stream, which 
has not yet wholly disappeared, making it neces- 
sary to deal not only with ordinary ground water, 
but with a considerable subterranean flow. This 
condition, together with the treacherous and ir- 
regular character of the soil, made the excava- 
tion difficult and necessitated careful provision 
for the exclusion of as much water as possible 
from the pit and for the safe support of the 
earth on the outside. The sheeting was there- 
fore designed not only to resist a heavy earth 
pressure, but to act also as a core wall or dam 
to intercept the flow of underground water. The 
soil was so wet and soft that the bottom of the 
pit offered very little resistance to vertical or 
horizontal pressure and would not afford a re- 
action for ordinary spur braces, so that a special 
system was designed to resist the external pres- 
sure on the sheeting. 

A row of pits about 6 ft. square was sheeted 
down to a depth of 20 ft. at equidistant points 
on a line parallel with a long side of the excava- 
tion and about 20 ft. from it. A double line about 
7o ft. long of 12x12-in. horizontal timbers, laid 
close side by side and breaking joints, was sup- 
ported on the cribs at one end of the lot just 
above the bottom of the main excavation, which 
at this time had been carried, by preliminary 
open work, to a depth of about 12 ft. below the 
original surface. 
deep was dug just beyond the line of excavation 
on each of the long sides of the lot, from end to 
end, and in each of them was laid a continuous 
line of 12x12-in. rangers. Transverse I0xI2-in. 
timbers about 20 ft. long and 12 ft. apart were 
laid in inclined position on one side of the inter- 
mediate horizontal girder and their ends were 
abutted ad wedged against its vertical face and 
that of the outside ranger timber. Similar 12x12- 
in. inclined struts 45 ft. long were laid in the 


A narrow trench about 4 ft. 
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same planes on the opposite side of the inter- 
mediate girder and wedged against the corre- 
sponding ranger. The long struts were made in 
two pieces, spliced with butt joints and witha 
scab, and all of them were connected at both 


‘ends to the horizontal timbers by top and bottom 


scab pieces. Shallow trenches were dug to re- 


ceive them where necessary and care was taken 
to locate them so as to clear the steel columns 
and piers in the frame-work of the building. 


the Swift & Co. Building. 


View Showing Excavation 


On one side of the lot where the excavation 
reached a maximum of 21% ft. depth, 3xr1o-in. 
tongue and groove sheeting 24 ft. long was 
started on the outside of the ranger, and on the 
opposite side, where the excavation had a maxi- 
mum depth of 14 ft., 2x10-in. tongue and groove 
piles 14 ft. long were started simultaneously with 
them. As the piles were driven, excavation was 
carried on, care being taken to keep the bottom of 
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the pit generally 2 or 3 ft. above the lower ends of 
the piles, thus reducing the tendency of the quick- 
sand’in the bottom to rise. After the excavation 
was deep enough to develop considerable external 
pressure on the sheeting and bring the inclined 
braces to a solid bearing against the intermediate 
girders, one end of the latter was-braced against 
the transverse ranger laid across the lot on the 
line of excavation and the opposite end near the 
center of the lot was temporarily secured by 
rakers, with their lower ends bearing against 
distributing timbers like grillages or dead men 
buried in the soil. Sheet piles were driven across 
the outside face of the end ranger and the ex- 
cavation carried on inside of them; the external 
pressure they received was largely transmitted to 
the intermediate horizontal girder, where part of 
it was absorbd by the end raker and the remainder 
was absorbed by friction with the struts or was 
directly transferred to the side sheeting by a 
pair of special struts in the planes of the regular 
transverse struts, which were inclined about 80 
deg. from the direction of the main girder so 
that their vertex pointed toward the line of trans- 
verse’ sheeting. The ends of these struts were 
scabbed to the center and side rangers like the 
regular transverse struts, and as any displace- 
ment in the center ranger tended to force them 
into a transverse line, they acted like a toggle, 
setting themselves tighter and tighter as the pres- 
sure increased and transferring it to the side 
rangers. By this device the pressure against the 
end sheeting was successfully resisted until the 
lines of rangers, the transverse bracing, and the 
side sheeting had been placed the full length of 
the lot and the intermediate ranger was made to 
abut against the transverse ranger at the opposite 
end, thus transmitting the pressures from one end 
to the other and dispensing with the need of the 
inclined rakers. 

As the excavation progressed a second system 


Carried to Greater Depth. 


of rangers was set against the sheeting about 6 
ft. below the first and was braced through the 
intermediate ranger in the same way. Undue de- 
flection in the transverse struts and in the inter- 
mediate ranger was prevented by the use of crib- 
bing and vertical shores wherever necessary, 
which were changed to correspond with the in- 
creasing depth. 

The sheet piles were driven by a No. 4 Inger- 
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soll-Sergeant steam drill with the rotating. device 
removed and the drill replaced by a square steel 
bar. A flat steel bar was bent to form a rectan- 
gular frame and bolted to the drill enclosing the 
lower .end. A rectangular hole through the. flat 
end of this frame engaged a corresponding pro- 


jection formed by a steel anvil block riveted to ~ 


the upper side of a driving cap. The cap was 
simply a piece of a thick steel bar bent to a 
U-shape and fitted snugly on the top of the sheet 
pile. A pair of handles were bolted to opposite 
sides of the drill so that it was easily kept en- 
gaged with the driving cap while striking it rapid 
blows that forced the pile down about 1 in. per 
minute when the point was 4 or 5 ft. below the 
surface. An expenditure of $15 transformed the 
machine from a rock drill to a hammer which 
did very satisfactory service on this work and 
has been adopted by the contractors for similar 
work in other places. It is thought, however, that 
the efficiency of the hammer would be promoted 
by increasing its weight 50 or 100 lb., as may 
perhaps be ddéne ‘by adding castings to the frame- 
work. As it required 4 men to carry the ham- 
mer comfortably, it proved too heavy to hold, 
unaided, while in operation and was therefore 
suspended by a rope from overhead supports. 

At first a pair of shear legs about 15 ft. high 
were, set up on the edge of the excavation and 
served as towers for an old 5-in. derrick guy 
which was utilized for a sort of improvised cable- 
way. The cable was rove through a snatch block, 
which, being reversed, served as a trolley for 
carrying the hammer over the sheet piles. While 
driving the sheet piles on the sides of the excava- 
tion, vertical posts were in some cases substi- 
tuted for the shear legs to carry the cable-way, 
and in other cases the cable-way was replaced 
by a horizontal 2x12-in. plank 16 ft. long set edge- 
ways at a clear height of about 12 ft. above the 
tops of-the piles. This plank was supported at 
each end by a vertical post, seated on the top of 
the pile and having side pieces nailed to it to 
form jaws engaging the tops of the piles, so they 
could easily be slipped along from pile to pile. 
They were knee-braced by inclined struts spiked 
to the verticals and to the transverse horizontal 
struts. 

The steam hammer was not in this case pro- 
vided with a rolling support, but was merély sus- 
pended from a sling passed around the horizontal 
beam. In all cases the hammer was raised and 
lowered by a four-part hand. tackle and required 
a vertical clearance of about 9 ft. for effective 
operation. The hammer was operated by two 
men on top guiding it with the handles and a 
third man below to adjust the pile cap. 

The sheeting and bracing was accomplished in 
5 weeks by an average force of 18 men. All of 
the excavation was done with pick and shovel, 
and the spoil was removed in wagons driven out 
of the pit on an incline at one end. After the 
sheeting was driven the water in the excavation 
was kept down by two Pulsometers. ; 

The H. Wales Lines Co., of Meriden, Conn., is 
the general contractor, and the work, above de- 
scribed was executed by Messrs. Miller, Daybill 
& Co., under the personal direction of Mr. F. 
Daybill, and Mr. H. L. Muchmore,  super- 
intendent. 


Tue Cotorapo River Controt work undertaken 


by the Southern Pacific Co. to divert the flow of. 


the river from the Salton Sink was completed 
last month, and official announcement has been 
made that affairs are again in the hands of the 
California Development Co., which will have 
control pending an agreement between the goy- 
ernments of the United States and Mexico and 
the corporations involved. The Southern Pacific 
Co. has, it is stated, expended $1,500,000 in the 
work of closing the breaks in the bank which 
caused all the damage. 
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The Construction of the New York Central 
Office Building, New York. 


An important feature of the terminal 
improvement for the New York Central 
& Hudson R. R. R. Co., now under con- 
struction in New York is the great office build- 
ing occupying two complete blocks on Lexington 
Ave., between 43rd and 45th Streets. This build- 
ing when completed will be about 275 ft. wide, 
452 ft. long and about 280 ft. or 20 stories high 
above the curb, with one complete story and part 
of another extending to a maximum depth of 
35 ft. below the curb. It will have three inter- 
ior 62x130 ft. light wells extending from the 
roof to the second main floor 36 ft. above the 
curb which coincides with the first office floor. 
Below :the street level the building will be used 
for train service, and the first story, which is 
very high and sub-divided for part of its area 
by a mezzanine floor, will be used for a branch’ 
post-office. The upper part of the building 
will be devoted entirely to office purposes. — 

The building is of steel cage fire-proof con- 
struction with cut stone exterior walls, backed 
with brickwork and with cinder concrete floors, 
roof and ceilings, and fire-proofing around all 
steel members. In a general way the building 
is symmetrical in plan around the longitudinal 
and transverse center lines. It will contain in 
all about 35,000 tons of structural steel and the 
estimated cost is approximately $9,000,000, ex- 
clusive of the value of the site. At present only 
the north end of the building, up to the sixth 
office floor, is under contract and this portion 
of it, which contains about 7,500 tons of struc- 
tural steel, will be completed and the offices of 
the company transferred to it before construc- 
tion is commenced on the corresponding lower 
part of the south end of the building, which is 
somewhat larger than the north end and will ex- 
tend across 43rd street, containing two. of the 
three light courts. The permanent floor of the 
sixth story will be built with the first section 
to serve as a temporary roof for the fifth office 
story and the thirteen upper office stories will 
be added at a future time not. yet determined. 
The steel frame-work of the part now being 
erected is proportioned for. the stresses produced 
by the full-height building and all of the struc- 
tural details are designed for the requirements 
of the 20-story structure. . A general description 
of the building and details of the-structural steel 
work of fthe lower portion were published in 
The Engineering Record of Feb. 24, March 17 
and April 7, 1906,.and reference to them will 


show clearly many of the interesting features ~ 


of the steel work alluded to in this article. 

The general contract for the lower part of 
the building was awarded to the John Peirce 
Co., and in January, 1906, work was commenced 
on -the first part of the building, 220 ft. long 
at the, north end, reaching from 44th to. 45th 
street. The ground had already been cleared 
and the excavation made -to the required depth 
of about 20. ft. below the curb by the contrac- 
tor for the yard improvements, who had also 
built at this point a massive concrete retaining 
wall adjacent to Lexington avenue. The gen- 
eral excavation for the building was carried every- 
where into the solid rock, for the column founda- 
tions. In the entire building there are about 180 
main columns and a large number of short sub- 
columns, many of which carry extremely heavy 
loads and are seated on _ single-tier I-beam 
grillages proportioned for a maximum pressure 
of 36 tons per square foot on the surface of 
the rock. In a few instances where cast-iron 
pedestals and short concrete piers were adopted. 
the latter were reinforced and loaded with the 
same unit pressure which gives a very liberal 
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margin over the maximum of 50 tons per square 
foot allowed by the Building Department. 

All grillages are made with three to nine 24-in. 
100-lb. I-beams, connected with three lines of 
tie-bolts and gas pipe separators. After the 
beams for each grillage were assembled together 
they were suspended by vertical bolts from 
pairs of transverse girders supported on block- 
ing and very carefully adjusted with their panel 
lower flanges at the exact height required for 
the top flanges of the grillage beam. The sus- 
pender bolts were screwed up tightly, bring- 
ing the grillage beams into close contact with 
the supporting girders, while grout was filled 
in from the surface of the rock to about I-in. 
above the bottom flanges, and the spaces between 
the beam webs were filled with well-rammed 
concrete, which was allowed to set thoroughly ° 
before the .supporting girders and suspension 


‘rods were removed. 


Timber cribbing was built up from ‘the bot- 
tom of the excavation to about 18 ft. above 
curb level and on it were erected two wooden 
travelers each consisting of a horizontal plat-: 
form--with two stiff-leg derricks braced together 
at the forward corners. The derricks had wooden 
masts about 35 ft. high and steel booms about 
60 ft. long, with a capacity of 15 tons each. 
The 20x30-ft. platforms were mounted on double- . 
flange wheels running on rails. spiked to 12x12-in. 
longitudinal stringers. These travelers unloaded 
the columns and girders from trucks in the 
street.and assembled them in the structure. After 
erecting the first panels of columns and girders, 
the traveler truck was transferred to the floor- 
beams and thereafter the travelers moved on 
the completed portion of the frame-work and 
the use of cribbing was dispensed with. 

Great energy was displayed in erecting the 
first two tiers of steel work as rapidly as pos- 
sible so that the street floor could be built 
and the story below it used for the suburban 
passenger traffic which was put in service there 
in December, 1906. As it was necessary to com- 
plete entirely each tier of beams as fast as the 
traveler was advanced, there was considerable 
danger of interruption to the work through pos- 
sible delay in receiving some of the beams 
or girders and therefore above the postoffice 
floor the travelers were largely superseded by 
four guyed derricks with 60-ft. booms arranged 
so as to command the entire area of the build- 
ing and the adjacent street, making it possible 
to unload and erect materials without rehand- 
ling. These derricks were lifted up every sec- 
ond tier and were operated by Lidgerwood hoist- 
ing engines with separate boilers, two of which 
were located-on the street floor and two on the © 
third floor to avoid obstructing the trains in 
the basement story. 

The special design of the building involved 
extremely heavy column loads and long span 
girders and resulted in the production of very 
massive members to be handled by the travelers 
and derricks. Among these were the bottom 
sections, over 50 ft. long, of columns with loads 
of over 3,190,000 lb., each which were made 
with special sections tapering from 24x24-in. at 
the top to 24x58-in. at the bottom. One sec- 
tion, the heaviest piece in the building, weighed 
nearly 32 tons; others weighed about 1,000 lb. 
per lineal’ foot and, although nearly as heavy 
as many of the girders, were handled by the 
single derrick booms. 

In order to clear the railroad tracks, the 
basement columns were spaced 44 ft. apart on 
centers, a distance. which, being unnecessary 
in the upper stories, was there diminished by 
intermediate columns carried on heavy girders 
and trusses of 44-ft. span. 

Immediately, over the track the floor was car- 
ried by 72-in. plate girders 44 ft. long and the 
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theavy outer wall, self-supporting up to the tnain 
-cornice, 80 ft. high, was carried on pairs of 
84-in. girders 44-ft. long, that weighed about 
18 tons each. In the postoffice floor there 
are 48x22-in. box girders 44 ft. long and lattice 
‘girders over 7 ft. deep, and between the third 


and fourth office floors there is a series ,of: 


heavy triangular transverse trusses 12% ft. deep 
which support the fifteen upper stories. The 
amembers’ of these trusses were shipped sep- 
arately, assembled in position, and field-riveted 
there. All other columns and girders with maxi- 
‘mum weights of over 30 tons each were com- 
pleted, shop-riveted and erected as single units. 
‘The rivets in the field connections were driven 
%y an ordinary force of ‘six gangs of men, 
reach operating a Chicago pneumatic hammer 
driven by compressed air received from the 
mains supplying the plant installed by the con- 
tractor for the excavation and other work in 
the terminal yard adjacent. The erection of 
‘tthe steel work was commenced by laying the 
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aré protected by 14-in. of cement mortar on 
metal lath. Wooden forms were built around 
the truss members, conforming closely to their 
cross-section, and the fire-proofing concrete was 
rammed within them to enclose all parts of the 
truss. Abotit 11,000 ‘yd. of 1:2:5 Atlas Portland 
cement concrete was required for the 432,000 
sq. ft. of floor and roof surface and for fire- 
proofing the steel work. ‘All concrete - was 
mixed in two Foote machines made at Nunda, 
N. Y., each of them driven by a 10-h.p. Gen- 
eral Electric motor. These machines were fitted 
with automatic screw feeds delivering without 
other measurements any required proportions of 
the materials to the mixing hopper where they 
were thoroughly incorporated together by a 
spiral mixer which carried them through the 
open trough and discharged them into a wheel- 
barrow below. Each machine had a capacity of 
about 175 yd. in 8 hr. 

On account of the necessity of preserving 
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Stony Creek Granite Co., Conn. This stone 
was partly stored on the ground and partly on 
the sidewalk bridge alongside the building, and 
was handled entirely by four boom derricks 
seated on the roof and operated by Lidgerwood 
steam engines. The heaviest pieces weigh about 
7 tons each and were carefully anchored to and 
generally supported directly from the steel frame- 
work. All of the window frames are made 
of cast-iron or bronze and were very carefully 
set before the stone work was built around 
them, the joints being afterward calked with 
oakum and putty. Almost as soon as the ma- 
sonry work was commenced it was interrupted 
by a strike, which delayed it for nine months, 
so that effective operations on it were not be- 
gun until May 15, since when about 60,000 cu. ft. 
have been laid and the work is now rapidly 
progressing. 

The cut stone is laid from the inside of the 
building but the brick face walls of the interior 


the lower part of the building unobsructed for courts are built from outside scaffolds; part 


Interior Court of Grand Central Office Building Showing Scaffold. 


-grillages in July, 1906, and was substantially 
tfinished in March, 1907, with an average force 
-of about 100 men. 

The first floor, at street level, was laid as 
soon as possible after the erection of the steel 
‘work had ‘been carried above it, so as to afford 
‘a protection for the train service below. It 
was of the standard cinder concrete type pro- 
portioned for a live load of 365 lb. per square 
foot. To afford additional protection from pos- 
sible falling objects all of the cinder floor in 
‘the Post Office department was covered with 
single 3-in. plank except in the city depart- 
‘ment, where it was doubled 3-in. planks. The 
floor of the pipe gallery below was protected 
by about 20,000 square feet of water-proofing. 
Besides this a temporary false roof of galvanized 
ron was built under a portion of the second 
floor, and special pains were taken in waterproof- 
ing and draining under the two concrete-mixing 
-platforms. ; 

All floors are of the Roebling flat-arch re- 
inforced type and are independent of the ceil- 
ing construction, which will be of the suspended 
type. Beams, columns, girders and truss mem- 
‘bers are fire-proofed with cinder concrete 2-in. 
thick, reinforced with and laid on light steel- 
-shapes, secured with standard clamps and hocks 
tto the members, except the beam soffits, which 


the train service, it was impossible to store 
sand, cement, cinders, brick and other material 
there, as is usually customary in such build- 
ings, and the materials were unloaded and 
hoisted to the second floor, where they were 
stored and then rehandled as required. Con- 
crete materials were elevated by a. link belt 
conveyor to a small hopper in the top of the 
concrete tower whence they were automatically 
delivered by gravity to the automatic screw feed 
Separate General Electric motors were provided 
at each concrete machine to drive the elevators 
and a small crusher designed by the Roebling 
Construction Co. installed there to break up any 
large lumps of slag to a maximum size of 
I in. The concrete was discharged from the 
machine into wheelbarrows which were lifted 
in pairs by two platform elevators designed by 
the Roebling Construction Co.; and built by the 
Lidgerwood Mfg. Co. Four other platform ele- 
vators were installed at equidistant points in 
the building to handle other materials. Two 
of them were made by the Lidgerwood Mfg. 
Co., one by the Maine Electric Co., and one, 
operated by steam, was made by the American 
Hoist & Derrick Co. 

The cut stone in the exterior walls includes 
about 62,000 ft. of Indiana limestone and 15,- 
ooo cu. ft. of granite from the quarries of the 


of these are of ordinary construction, supported 
on cantilever beams, but forty of them are 
patent scaffolds made by the Wm. Murray Co., 


New York. Each of the latter is about 5 ft. 
wide and 9 ft. long, with longitudinal floor 
boards laid on transverse pairs of 2x1I%-in. 


angles, back to back, with vertical connection 
irons between their web. These connections pro- 
ject above the top flanges and receive small 
cast-iron drums fitted with worm-gears operated 
by detachable cranks. 

Each scaffold has four drums and each drum 
has 100 ft. of %-in. wire rope made fast at 
the upper end to 8-in. horizontal cantilever I- 
beams about 20 ft. long, projecting over the edge 
.of the roof and anchored to it at their inner 
end. Stirrups enclosing the outer ends of the 
I-beams take bearing on their top flanges and 
have horizontal bolts through their projecting 
lower ends: to receive the loops at the upper 
ends of the suspension rope. These platforms 
can be rapidly and evenly lifted by the brick 
layers so as to keep them always at the level 
most convenient for effective work. They have 
been found very convenient and efficient on this 
work and on other jobs where they have been 
used by the same contractor. About 250,000 
“pressed brick are required for the court walls 
and are backed up with ordinary red brick, 1,- 
800,000 of which are required for that portion 
of the building now under contract. In the 
sixth story a buzz saw and an emery wheel 
driven by a 5-h.p. General Electric motor were 
installed and at each end of the building a broad 
temporary staircase with hand rails was built 
for the use of the workmen and was believed 
to have effected a considerable economy in saving 
time. 3 

The average total force of about 350 men em- 
ployed by the general contractor is under the 
direction of Mr. E. F. Dodson, superintendent. 
The steel work was fabricated and erected by 
the McClintic-Marshall Co. The work is de- 
signed and constructed under Mr. W. F. Wil- 
gus, Vice-president of the New York Central 
& Hudson River R. R. Co., by Messrs. Reed 
& Stem and Messrs. Warren & Wetmore, as- 
ociated architects. Mr. Chas. A. Reed, Execu- 
tive, and Mr. H. G. Balcom in charge of steel 
work and structural designs. 


THe VALUE oF LAND taken for water works 
purposes, according to’ the Massachusetts Su- 
preme Judicial Court in Sargent v. Town of 
Merrimac, 81 N. E. Rep. 970, is made up of the 
value of the land, apart from its special adapta- 
bility for water supply purposes, plus such sum 
as a purchaser would add to that value on the 
chance that the land might be some, day used as 
a water supply. 
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The Asphalt Pavement on the Thames Em- 
bankment. 


One of the most interesting pieces of pave- 
ment laid of late is the sheet asphalt work done 
on the Thames embankment at London. For a 
number of years an.attempt was made to keep the 
roadway on this street in a satisfactory condi- 
tion with macadam. It was believed that this 
would make the carriageway more agreeable, ow- 
ing to freedom from noise, but the macadam has 
been a failure mainly on account of lack of dura- 
bility and somewhat owing to dust. The street 
is one of the highest class in London and it was 
felt that the best type of pavement was warranted 
for it. Sheet asphalt was not regarded: with par- 
ticular favor in London, but the excellent results 
attained with it elsewhere finally led the authori- 
ties to award a contract to the Trinidad Lake 
Asphalt Paving Co., Ltd., for the work. 

The macadam of the Thames embankment is 
of great depth, and it was accordingly decided 
that the best pavement to try would be one with 
about 3 in. of a very close binder, laid on top of 
the old macadam, and then a wearing surface 
suited for the character of the traffic. The old 
surface was accordingly graded down to a depth 
of 9 in. by means of a scarifier attached to a road 
roller in the manner shown in an accompanying 
illustration. The material loosened in this way 


Placing Surface Mixture on Binder. 


was removed .with wheelbarrows and when the 
full depth of 9 in. had been taken off the surface 
was very carefully brought to grade. Owing 
to the compacting of the material under long 
traffic the portion remaining was in a_ hard, 
dense condition. 

The most interesting feature of the work was 
the very thick course of close binder. This course 
is different from the open binder course used on 
many asphalt pavements in America, which has 
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generally not been dense or strong enough, ow- 
ing to voids and the use of unsuitable stone to 
carry a heavy traffic, and has been a source of 
weakness in consequence. The improved binder 
which is being introduced where the local author- 
ities can be persuaded to pay for it consists of 
the same grade of stone as the old binder, but 
with the voids completely filled with the fine mix- 
ture used for the surface coat. With a mixture 
of such composition, well cemented with a bitu- 
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minous cement, a perfectly stable course is ob- 
tained between the foundation and the surface, 
which is capable of sustaining the latter under 
any travel to which it may be subjected, with- 
out the slightest vibration. : ; 

The surface mixture was placed on the binder 
and rolled down in the customary way in this 
country, as shown in one of the accompanying 
illustrations. The pavement now has been ex- 
posed to wear for about a year, and its appearance 
and the class of traffic to which it is subjected 
are well shown in one of the illustrations 

In a paper by Mr. Clifford Richardson which 
was printed in this journal on June 1, attention 
was called by the author to what he considered 
the best type of sheet asphalt pavement for 
use on the streets having continuous neavy trav- 
el. The accompanying illustration gives a cross 
section of such a piece of pavement, Mr. Rich- 
ardson considers that for such service a Port- 
land cement concrete base at least,6 in. thick is 
necessary, and an even thicker foundation if the 
sub-soil is not of the firmest character. Under 
ordinary circumstances 6 in. of foundation is 
believed to be enough if it is constructed with a 
high-grade Portland cement and good hard stone, 
for which good gravel may be substituted in 
many instances. It is believed that every effort 
should also be made to provide proper drainage 
of the base. 


Se 
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The Thames Embankment Pavement. 


Upon such a base Mr. Richardson advises the 
use of 2 in. of close binder, like that used in the, 
Thames, embankment pavement, and shown in the 
accompanying cross section. The stone for this 
binder should be hard enough to carry the travel 
without crushing. On this binder should be laid 
a wearing surface of standard grading made with 
a cement consisting of a mixture of suitable 
bitumens skillfully combined and handled. This 
surface should be 1 1-2 in. thick, and a thicker 
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surface is unnecessary, if the work is done care- 
fully and the materials are suitable, because the 
rigid character of the support makes it unneces- 
sary for the top to be anything but a true 
wearing course. If an open binder course and 
poor foundations have been laid, than a wearing 
coat 2 in, thick is necessary. 


The Pumping Plant at Milton-Royal. 


The water pumping plant at Milton-Royal, 
England, is rather interesting on account of the 
use of two 20-h.p. Diesel. engines for operating 
the triplex pumps which raise water from a pair 
of wells to a reservoir, the total height over- 
come being about 177 ft. Although the en- 
gineers are not normally required to do so, they 
will start the pumps against the full head of 
the reservoir readily. An automatic device has 
been provided for stopping the engines when 
the reservoir is full. Adirect-acting balanced 
float regulator is fixed in the reservoir at the 
head of the delivery main. The float is placed 
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in a separate cast-iron chamber which has only 
a small opening into the reservoir to ensure 
perfectly steady motion of the float. When 
pumping is in progress, and the water in the 
reservoir has run to within an inch of its top- 
water level, the regulator commences to close, 
and gradually increases the pressure in the de- 
livery main until the relief-valve in the pump- 
ing station opens automatically. Underneath the 
discharge-pipe of the relief-valve a copper bucket 
is suspended at the opposite end of a counter- 
balanced lever. When the bucket fills, it raises the 
counterbalance and in so doing closes the oil-cocks 
upon the pipes supplying fuel to the engines, 
which stop in about one minute. The water in 
the bucket then runs out at a small hole, and 


the bucket returns to its original position for 


the next automatic stop. The float regulator 
is set with a minimum opening sufficient to create 
-a maximum back-pressure of about 50 ft. in the 
rising main when’ both engines are running, if 
the bucket is forcibly prevented from falling. 
The apparatus prevents the water from being 
tun to waste at the reservoir unknown to the 
attendant, and allows him to be absent from 
the pumping-station for short intervals. The 
present practice is to.run a set of engines and 
pumps every day until it stops automatically; 
one set being used one day, the other the next. 
This practice allows careful daily inspection of 
the machinery at rest, and of any repairs that may 


require but a short time. 
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Atlantic City Sewer Construction. 


The sewer system at Atlantic City, N. J., was 
installed by a private company to serve a popula- 
tion which varies from about 40,000 in winter 
to over 400,000 in summer and at present has 
about 9,000 buildings connected, among which 
are many hotels, some of them of large size. 
As the surface of the ground is very flat and 
its elevation varies from 0 to 6 ft. above high-tide 
level, the grades of the sewers are necessarily 
kept very low and very careful design and ac- 
curate construction are necessary to secure a 
gravity flow, which, in some cases, is combined 
with pumping to the outlet. As the growth of 
the city is constant and rapid, corresponding ex- 
tensions and improvements of the sewage system 
are continually in progress, which have varied 
in cost from $50,000 to $100,000 annually for 
several years. : 

The work under construction this season in- 
cludes 4,600 ft. of intercepting mains receivlng 
the gravity flow of one district and a pump 


well 20 ft. deep and 25 ft. in interior diameter 
into which they discharge. This well is intend- 
ed merely to connect the gravity and pumping 
systems, and is not designed to provide’ stor- 
age, as the sewage is, pumped by centrifugal 
pumps to the outfall through a 16-in. and a 24- 
in. cast-iron pipe about 2 miles long. The well 
is located in very fine sand containing large 


_ quantities of ground water up to a level about 


4 ft. below the surface. Its site was first en- 
closed by a circular cofferdam 33 ft. in diameter 
made with 12-in. 35-lb. United States sheet piles 
about 26 ft. long. Ninety of these, handled by 
a center boom derrick, were driven in three 
days with a single hydraulic jet, sometimes 
assisted slightly by a steam hammer. 
Excavation inside the cofferdam was made by 
hand, the sand being shoveled out over the 
tops of the piles until the pit was about 8 ft. 
deep, after which a portion of it was shoveled 
on to platforms and thence reshoveled over the 
tops of the piles in order to continue the work 
while waiting for the installation of a Carson- 
Lidgerwood cableway of 300-ft. span, which is 
also to be used for the excavation of the sewer 
trench. The interior of the cofferdam is braced 
by successive tiers of horizontal rangers from 
5 ft. apart at the top to 3 ft .at the bottom. 
These rangers are made of 1oxi0-in. timber, 
in lengths of about 6 ft., with their ends cut 
radial so as to fit together and make accurate 
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polygonal rings exerting balanced reactions and 
forming horizontal arches in equilibrium, which 
resist the external pressure without any trans- 
verse or radial bracing, thus leaving the’ entire 
area of the cofferdam unobstructed. At each 
joint the rangers are securely spliced together 
between top and bottom steel plates %4 in. thick 
and about 24 in. long, secured to both timbers. 
with vertical 34-in. bolts. As the sheet piles were 
driven several feet below the bottom of the 
excavation they form a sort of core wall which 
intercepts the flow of the ground water and 
enables the excavation to be kept dry by a single 
3%4-in. pulsometer working in a sump _ which 
also drains a short length of the trench exca- 
vated for the connecting sewer mains. 

After the excavation is completed, about 200 
piles 12 ft. long will be driven in its bottom and 
cut off below. grade. They are arranged about 
25 in. apart in concentric circles 25 in. apart and 
are capped with circumferential 3x1o-in. timbers 
on which is laid a continuous tight floor covered! 
with 2 ft. of 1:3:5: concrete made with Atlas: 
Portland cement and 1%4-in. broken trap rock. A. 


Driving Steel Cofferdam Sheeting with Jet. 


six-ply felt and tar waterproofing is built into 
the concrete 3 in. above the bottom and extends 
continuously through the vertical cylindrical walls 
of the well to the surface of the ground. The 
upper portion of the concrete floor is reinforced 
by horizontal and transverse rods % in. square 
from 4 in. apart at the center to 834 in. apart 
at the circumference. The walls are made of 
unreinforced concrete 28 in. thick at the foot 
and support the pump room floor 10 ft. above 
the center of the bottom. The floor is made 
with a continuous 6-in. slab of concrete rein- 
forced by two layers of expanded metal andi 
supported in the center by a single 12x24-im. 
transverse girder with four I-in. square rein- 
forcement rods in its lower flange. A concrete: 
roof similar to the floor construction will be 
supported on the tops of the walls. 

The pump well has two inlets, one 36 in. im 
diameter connecting it to the old well, and the: 
other 66 in. in diameter connected with a rein- 
forced-concrete pipe 66 in. in diameter inside;. 
which is 600 ft. long and intersects at the op-- 
posite end the similar 4,000-ft. line of new 54-- 
in. intercepting sewer. All of the pipe is cast: 
in steel molds near the site in sections 3 ft. 
long with male and female ends. The 66-in. pipe 
is 6% in. thick and is reinforced with seven 
¥4x3/16-in. longitudinal bars and three 2x%- 
in. hoops, interlocking with them. Each hoop 
fs cut so that the middle portion of the steel’ 
can be sprung out, forming loops engaging the 
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longitudinal bars. The ends of the longitudinal 
bars project beyond the ends of the concrete 
‘sections and are bent’ back 180 degrees to form 
hooks overlapping each other and securely locked 
together by circumferential bars threaded through 


‘them after adjacent ae the pipe are as- ., 


sembled together. 

The pipe is cast vertically in molds, each with 
-an annular cast-iron bottom ring forming the 
female joints and receiving the inside and out- 
-side walls of the mold. Each wall is made with 
four segmental cylindrical pieces of %-in. steel 
-connected together with top and bottom latches. 
The inner wall is secured at the bottom by an 
-adjustable spider made with two horizontal 34- 
in. pipe arms intersecting each other at right 
angles and terminating at their outer extremities 
with cross heads, each of them carrying two 
‘horizontal set screws for adjustment. The top 
of the wall is stiffened by an inside welded 
‘steel ring. The outer wall is braced in posi- 
tion by small separators engaging the inner wall, 
and the longitudinal reinforcement bars are set 
vertically with their lower ends engaged in sock- 
ets in the annular base plates and their upper 
ends fixed by the separating pieces. 

Small quantities of very dry concrete are placed 
‘in the mold and rammed until the water flushes 
‘well on top. When the mold is about one- 
‘third filled, the first ring is slipped down, engag- 
ing the longitudinal bars, more concrete is add- 
ved and rammed, the second ring is inserted and 
finally the concrete is filled in to the top of the 
mold. All portions of it are thoroughly rammed 
with steel rammers weighing about 12 lb. and 
curved to fit the circumference of the pipe and 
nearly close the annular space between the walls. 
These rammers are about 12 in. long and their 
ends are slotted to engage closely the longitudi- 
mal bars and insure ramming both sides of them. 
After the mold is filled a special cast-iron top 
ting is set on it and filled with concrete to form 
the male end of the joint. As soon as this is 
well rammed the ring is removed and the pipe 
section left standing until the next morning 
when the mold is stripped from it and used for 
other sections. Each 3-ft. section of 66-in. pipe 
weighs about 4,000 lb. and contains I I/7 cu. 
yd. of concrete made with Lehigh cement and 
1% in. clean gravel. In this case the concrete 
ds hand mixed and is made in proportions of 
1:2:4, but when machine-mixed proportions of 
1:24%4:5 are found satisfactory. Ten complete 
‘molds were provided, and with them 10 sections 
of pipe daily are made with a gang of I2 men 
and superintendent. 

The pipes were rolled along the trench and 
lowered to position by derricks and the stresses 
thus occasioned were considered to test them 
sufficiently, although they were subjected to very 
rigid surface inspection. One section of pipe 
only a few days old was struck by a heavy truck 
and the only injury it stistained was chipping 
off a few cubic inches of concrete on one edge, 
‘which can be easily patched, while the truck 
itself was seriously damaged. When the pipe 
sections are laid in the trench, their male and 
female ends are properly engaged, circular strips 
are threaded between the overlapping hooks of 
the longitudinal reinforcement bars at the joints, 
the inside of the joint is pointed with 1:1 ce- 
ment mortar, the exterior is covered with a gal- 
vanized iron strip bolted in place over a canvas 
‘gasket, and the joint is filled with grout poured 
on the top of the pipe. This develops sufficient 
pressure to produce leaks if any weak places 
exist and these are immediately noted by the 
inspectors and corrected while the joint is being 
made so that it eventually makes a smooth, 
tight, strong connection between the successive 
lengths of pipes. 

The trench for the 66-in. pipe is 9 ft. wide and 
14 ft. deep, and is sheeted with 2x12-in. planks 
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driven with a water jet at about 65 lb. pressure 
delivered through a 2¥4-in. pipe and a I-in. nozzle. 
The edges of the planks are rabbeted 2% in. to 
make a ship plank lap joint, which gives good 
satisfaction in this soil, composed of fine sand 
or quicksand. The trench is excavated to a 
depth of about 2 ft, and in it are assembled 
the 8x8-in. rangers or waling pieces and cross 
braces framed together with splice plates and 
blocked up to the level of the surface of the 
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a load of 17,500 lb., the first crack appeared 
with a load of 21,700 lb., and the pipes finally 
collapsed with a load of 28,320 lb. Three sec- 
tions of 36-in. pipe jointed together were sub- 
jected to hydraulic pressure of .40 lb. per square 
inch which did not cause destruction but devel- 
oped a longitudinal crack in one pipe. 

The Atlantic Construction & Supply Co., Mr. 
J. H. Decker, chief engineer, is the designer and 
contractor for the work here described. The 
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Concrete Pump Well. 


ground. The piles are rapidly driven outside 
them with the hydraulic jet, aided by occasional 
traps with a sledge hammer, and rapidly pene- 
trate their full length of 18 ft. after which the 


‘excavation is completed and successive lines of 


rangers are framed in as the pit is finished. 
After the completion of the trench the pipe 
handled by the cableway is laid and jointed at 
the rate of about 22 sections per day by about 
5 men. 

Sections of similar pipe 42 in. diameter inside 
and 4% in. thick were jointed together and 
placed on supports 8 ft. 3 in. apart on centers and 
tested by bending loads of 16,500 lb. uniformly 
distributed, which did not produce observable 
deflection. A deflection of % in. was produced by 


reinforced pipe is made by the Reinforced Con- 
crete Pipe Co., Jackson, Mich., Mr. G. E. John- 
ston, superintendent. 


Tue Recovery or Brass in San Francisco has 
been carried on by interesting methods during 
the past few months on the site where the brass 
foundry of W. T., Garrett & Co. stood before 
the fire of April, 1906. At the time of the fire 
three stories of the building were filled with fin- 
ished brass goods and the metal, melted by the 
heat, ran into the basement. Some of it has been 
recovered in large masses, some by screening the 
earth and debris, and some by hydraulic sluicing 
over riffles. 


AUGUST 24, 1907. 


A Reinforced Concrete Water Tower at 
~ Anaheim, 


In reconstructing the water works for the city 
of Anaheim, in southern California, the problem 
of a structure for an elevated water supply was 
one that had to be solved, the immediately sur- 
rounding country being very level with no natural 
reservoir site available. The population supplied 
is about 3,500 and it was necessary to have a 
storage capacity of 175,000 gal. with a minirum 
head of about 60 ft. Bids were called for upon 
specifications for an elevated hemispherical-bot- 
tom steel tank on steel towers and for a tank and 
tower of monolithic reinforced concrete construc- 
tion. The specificatons for the concrete tanks re- 
quired that bidders must be able to show success- 
ful examples of reinforced concrete construction 
either of tanks or stacks, or structures of a similar 
nature, 

The bids for steel tanks and towers ranged from 
$9,200 to $12,500, while for the reinforced concrete 
tank and towers two bids were received, one for 
$10,400, which was accepted, and the other much 
higher. The greater durability, reduced cost of 
maintenance and better appearance led the cHy 
trustees to accept the reinforced concrete struc- 
ture. 

The specifications under which the contract was 
let required the contractor to furnish his own de- 
tail drawings and to give a complete description 
of his method of construction, but allowed con- 
siderable latitude in the kind of reinforcement 
and even in the plans for the structure, subject, 
of course, to the approval of the city. In the 
plans and specifications as prepared by the con- 
tractor, the design submitted by the city is closely 
followed, although the contractor elected to re- 
duce the amount of concrete in some parts of the 
structure, to increase its richness and also to 
make some other slight changes, 

The tank is approximately 30 ft. 3 in. in diame- 
ter and has a clear interior depth of 32 ft. It 
rests on twelve reinforced concrete columns, each 
22 in. square and 60 ft. 2 in. long, eight of them 
being placed equidistantly on the circumference 


Floor and Girders at Bottom of Tank. 


of a 33-ft. circle and the other four on the cir- 
cumference of a 4-ft. 4-in. circle. The columns 
are braced by two series of horizontal struts at 
the third points of the length of the columns, but 
no diagonal bracing in vertical planes is used. 
The batter of the columns and the manner in 
which they are built into the foundation slab and 
the tank floor are intended to provide for the 
lack of diagonal bracing. The horizontal struts 


evidently contribute in the rigidity of the tower 


by dividing the columns in effect into three com- 
pression members. 

The soil at Anaheim “is an alluvial deposit un- 
derlaid with strata of sand to a depth of 50 ft. 
and in periods of great rains these strata are 
said to resemble quicksand. This led to the 
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Roof Reinforcment. 


adoption of a very conservative foundation bear- 
ing pressure. Holes sunk near the location show- 
ed that the first stratum of sand was about 8 ft. 
below the surface. The excavation is carried 
down 6 ft., and in case sand should be encount- 
ered at that depth it is to be removed for 18 in. 
and replaced with soil or clay. 

The reinforcement consists throughout of 
twisted square steel bars tied together where 
necessary with 1%4-in. round iron. . The steel is to 
have an elastic limit of about 40,000’ lb. per 
square inch before twisting and about 60,000 Ib. 
after twisting, and an ultimate strength of 80,000 
lb. Extra care is requited in placing the steel 
in its proper position and especially to prevent 
any movement of the reinforcement while con- 


‘ varied accordingly. 
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crete is being placed. All joints between ad- 
jacent continuous rods in tension are to be lapped 
12 in. and bound together by wrapping with soft 
steel wire. 

The foundation consists-of a reinforced con- 
crete slab 36 in. thick and 37 ft. square, extending 
out beyond the limits of the tower and tank on 
all sides. It is made of 1:3:4% concrete, the 
crushed rock or gravel varying in size from %4 
to 3 in, in largest dimension, and is reinforced by 
twisted steel bars placed 2 in. from the under- 
side of the slab. The bottom bars are of %-in. 
material, 16 in. on centers and at right angles to 
them are placed the distribution bars of 34-in. 
material, 12 in. on centers. On top of this foun- 
dation slab are built the pyramidal pedestals of 
the columns which are anchored to the slab by 
means of the twisted steel bars running through 
them and imbedded in the concrete of the foun- 
dation. The columns are reinforced with four 
¥%-in. twisted bars, one in each corner, tied to- 
gether with %4-in. iron wire. When the tank is 
empty the assumed wind pressure is sufficient 
to cause tension in the columns and the vertical 
reinforcing in the latter is therefore designed to 
resist both compression and tension. The ends 
of adjacent rods are kept in line by being placed 
in a socket about 12 in. long, and in order to resist 
tension are joined by.a splicing bar of twisted 
square steel about 48 in. long, firmly bound to 
them with soft steel wire. The columns and 
girders are made of 1:2%:2™% concrete, using the 
run of the crusher under 34 in. for the stone. 

The struts have a cross-section 14x16 in. and 
are reinforced with four twisted bars either 14-in. 
or %-in. material, one being placed in each cor- 
ner and tied together, as explained for the col- 
umns. By far the most complicated part of the 
reinforcement consists in the beams and girders 
supporting the floor of the tank. Most of these 
beams and girders are 8 in, wide, varying in 
depth from 12 to 16 in. The placing of the re- 
inforcement in them does not differ from the 
standard methods except that the stirrups of %4-in. 
wires are used quite plentifully. The floor of the 
tank is 6 in. thick, reinforced with 3£-in. bars 


Horizontal Strut Reinforcement. 


placed with varying centers according to the span, 
the greater part of them being placed in a right 
angled grid on 6-in. centers both ways. 

The sides of the tank vary in thickness from 6 
in. at the bottom to 4 in. at the top and, like the 
floor, are made of 1:2:2 concrete, the stone being 
the run of the crusher under % in. In case the 
rock should vary to such an extent as to give a 
more dense concrete if mixed in some other pro- 
portion the amount of sand and rock will be 
The reinforcement of the 
sides consist of %4-in. twisted steel bars placed 
vertically on 24-in. centers around the circumfer- 
ence of the tank, running from the floor to the 
roof, across which laid horizontally and con- 
tinuously around the tank as a hoop are 3-in. 
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twisted steel bars with centers varying from 3% 
to 12 in. For the lower half of the height of the 
tank these hoop bars are 34-in. steel, for the next 
5 ft. of 54-in. steel, and for the remainder of the 
height of %4-in. steel.” The spacing of the 34-in. 
bars varies from 3% to 7 in., of the 54-in. bars 
from 5 to 7 in., and of the %-in. bars from 5 to 
12 in., the smaller spacing, of course, being used 
in the lower part of the section containing a given 
size bar. 

The roof is a flat cone having a rise of only 
12 in., and is carried by 8 radial reinforced con- 
_ crete girders, varying in depth from 9 to 15 in. 
The roof is 2 in. thick reinforced with %-in. 
twisted steel rods laid both radially and perpen- 
dicular to the radii, the latter bars reaching be- 
tween the girders which support the roof. The 
spacing of the bars laid crosswise of the radial 
ones varies from 3 in. near the edge of the tank, 
where the span between the girders is longest, to 
12 in. near the center, where the span is very 
short. A steel ladder allows access from the 
ground to the tank. 


A 
ie * 
ov 
Ss Uj 
Q 
Ss ‘ 
i‘ 
a8 
Liew 
HaSU- 88 
Av 
At b 
| meee BSH 
7 ae 
g ay a 
4 8S y 
2 | 
potent 
4 4 
iE 
j— 


S 
N 


Systems in Board of Works Meeting Room. 


The water-proofing of the tank is: considered 
the most particular part of the work. Every ef- 
fort will be made to prevent lack of continuity 
in the walls due to cessation of work from day 
to day. The inside of the tank is to receive a 
water-proofing coat, %4 in, thick, composed of 1:1 
cement grout. Of the cement used 96 per cent.. 
must pass a 100 mesh screen and 82 per cent. a 
200 mesh screen. The contractors will also use 
some astringent to aid the water-proofing. The 
specifications require the contractor to keep the 
tank filled with water for ten days before ac- 
ceptance, during which time it must not develop 
any structural weakness nor any objectionable 
leakage. 

The structure was designed by Mr. F. R. 
Schanck, of Messrs. Clem A. Copeland & F. R. 
Schanck, consulting engineers, Los Angeles, who 
have designed and have charge of the rebuilding 
of the municipal lighting plant and the water 
works of the city of Anaheim, of which Mr. A. 
L. Lewis is superintendent. The contractor is Mr- 
Carl Leonardt, Los Angeles, Cal., the plans be- 
ing those of Mr. T. F. Osborn, engineer for the 
contractor, 
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Mechanical Plant of the New City Hall, 
at Newark, N. J.—Part II. 


— a 


Heating System—The heating system of the 


new City Hall is a combination of direct radia- 
tion and hot blast operated with the exhaust 
from the steam-using machinery of the power 
‘plant, with make-up of live steam supplied auto- 
matically when the exhaust steam supply is in- 
sufficient. The radiation is in general connected 
on the single pipe system, with the exception of 
the indirect radiation which is supplied on the 
two-pipe system. The heating in a large part of 
the building is independent of ventilation, but 
in a number of the larger rooms used by many 
people the direct radiation is supplemented by in- 
direct heating. The radiation throughout is 
operated with gravity return, but is in all parts 
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window lighting but dome sky-lighting only, 
there are no radiators installed, indirect heating 
being depended upon entirely. The interior court 
spaces within the corridors, which are similarly 
lighted by sky-lights, are heated in general by 
radiator units distributed at the basement corri- 
dor level, while the sky-light glass exposure is 
counteracted by hot blast delivery from the indi- 
rect heating system, which is directed upward 
toward the sky-light so as to diffuse with and 
counteract the cool descending currents of air. 
In the rear wing of the basement, however, there 
are two court-rooms which, although having side 
window lighting, are heated entirely by the indi- 
rect system, there being no radiators installed in 
the rooms. 

The radiation installed is of the cast-iron con- 
struction throughout the entire building, includ- 
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Ventilation of the Council Chamber, Newark City Hall. 


of the building under automatic thermostatic con- 
trol. An interesting feature of this installation 
is the use of an air line with novel exhaust, which 
connects the air valves on all radiators into a 
header in the sub-basement that extends across 
to the boiler house and up to an outlet inside 
of the chimney near the top, the purpose of the 
latter connection being to remove all air and 
vapor from the radiators freely by induced draft. 

The radiation is distributed in the usual ar- 
rangement under window sills for counteracting 
window glass exposure, the heating surfaces of 
the units being proportioned on the thermal unit 
basis of heat loss from the building. The ar- 
rangement is such that there is a radiator unit 
under every window in all rooms to be heated, 
except in certain small rooms and store rooms 
which are not occupied. Even in rooms which 
are fitted for fresh air supply with indirect heat- 
ing, the-usual window-sill radiator arrangement 
is maintained, and in a number of thé larger of- 
fices, radiators are installed on the inner walls 
to provide for additional heating or to counteract » 
possible cool drafts from the corridors. In the 
Common Council chamber which has no side 


ing the tempering coils and reheaters of the ven- 
tilating systems, that for direct radiation being 
for the greater part of the Classic form in both 
the single and double column patterns and in 
heights of 31 and 38 in., according to the window- 
sill clearances. The reheater coils are of the 
Losee pattern and are installed in the duct con- 
nections of the fresh air supply system in the 
sub-basement as will be referred to in connec- 
t'on with the ventilating equipment. The latter 
radiators are under the direct control of the 
thermostats which control the direct radiation 
for the corresponding rooms supplied and are 
thus essentially a part of the heating system. 
The amounts of heating surface installed in the 
various sections of the building are given in the 
accompanying table. 

Steam is supplied to the direct radiation from 
the sub-basement by 64 riser lines, which range 
in size from 1% to 4 in. and supply from 1 to 8 
radiator units each. Forty-three of these rise 
direct to the top floor of the building, 5 to the 
3d floor, 6 to the 2d floor and the remainder to 
radiation on the Ist floor, all of the lines decreas- 
ing in size as the radiator branches are taken 
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off. All of the lines are anchored on the second 
floor level, each anchorage consisting of a short 
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nipple connected into the pipe between two 
couplings, a strap anchor being clamped onto the 
ripple to prevent the pipe from settling. All 
branches to the radiators as well as also the air 
line connections are imbedded in the floor con- 
struction with due allowance made for expan- 
sion both upward and downward from the 2d 
floor anchorage point. All risers are fitted with 
cut-off valves just below the sub-basement ceil- 


Vly 


Caza A 


MM, 


CMU, 


oe wes 
Gu i thls tiss Ky 
ah 


\\ 


N 


Gereral Offee 


THE ENGINEERING RECORD. 


lines. From the end of the heating main, an ad- 
ditional 4-in. line is extended to the fresh air 


supply fan room in the rear corner of the sub-. 


basement to supply the tempering coils. Branch 
lines from these mains extend to all parts of the 
sub-basement to supply risers, decreasing in size 
as supply connections are taken off and they are 
graded with the flow of steam, condensation be- 
ing drained out through the drip connections at 
the bases of all risers supplied. 

The condensation return system parallels that 
for low pressure steam distribution in the sub- 
basement in general; the drainage connections 
at the bases of the risers and also those from the 
tempering and reheater coils of the fresh air sup- 
ply system, delivering into a series of mains which 
conduct the condensation to a tank depressed in 
a pit in the westerly portion of the sub-basement. 
These mains are like the steam mains, arranged 
in four divisions, which extend to the four cor- 
ners of the sub-basement to connect with the 
various apparatus and risers. The condensation 
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Heating and Ventilation of the Mayor’s Office. 


ing, below which connections are made to 
branches of the heat distributing mains. Each of 
the risers is dripped at its base into the con- 
densation return system which has mains and 
branches paralleling those for the low pressure 
steam distribution to all parts of the sub-base- 
ment; the drip connections are all large in size, 
having carrying capacities equal to approximately 
one-half that of the risers, and the drainage is 
all by gravity. The system of air lines through 
which air and vapor is drawn from the air valves 
on all radiators, corresponds exactly to that for 
steam supply to the radiation, the risers and 
branches to radiators duplicating exactly those for 
steam supply with the exception of size, the ar- 
rangement and proportion being approximately 
the same. 

The heating supply system originates in the 
exhaust steam header in the power plant division 
of the sub-basement as referred to in the article in 
the previous issue. This header is a 16-in. ex- 
haust line which connects through a grease ex- 
tractor first to a 10-in. atmospheric exhaust out- 
let that leads to the boiler house exhaust head 
and thence through a gate valve to the heat dis- 
tributing mains. Beyond the gate valve there is 
a live steam make-up supply connection through 
which live steam is added to the heating system 
when the exhaust from the steam using ma- 
chinery is insufficient; the latter consists of a 6x8- 


jn, Foster reducing valve which is capable of re- 


ducing the pressure from 90 lb. to 1 lb. and this 


is fitted with a 4-in. bypass for hand operation if . 


necessary. The heating system header is a 12-in. 


' steam line with four branches to the four corner 


sections of the building, those to the front cor- 
ners being 8-in. and those to the rear are 10-in. 


receiving tank is a 3x8-ft. steel cylindrical tank 
which is located in the pit so that it is entirely 
below the stb-basement floor level, and the con- 
densation gathering mains deliver into this in two 
groups, each through a 6-in. connection with re- 
turn seal. 

The condensation tank pit is about 3 ft. deep 
and 13x16 ft. in size in order to accommodate 
the return pumps on a level below that of the 
tank and thus facilitate the handling of the hot 
returns. These pumps are 744x4¥%4x10-in. Worth- 
ington duplex pumps which return the conden- 
sation, under control of a Kieley puinp governor 
on the condensation return tank, to the boiler 
house for use in the boilers, as referred to in the 
preceding article upon the power plant of the City 
Hall. On account of the low level of this con- 
densation tank, the condensation drains freely 
from the radiation both direct and indirect, and 
is delivered to the boiler house for boiler feed- 
ing as rapidly as it accumulates. The return of 
condensation is also facilitated by air line sys- 
tems, which consists of a piping system. with 34-in. 
connections to the air valves of all radiation, all 
of which connect into a 3-in. vapor header in 
the sub-basement that extends to the boiler house 
and up to an outlet within the sack near the top 
to effect an induce draft; the very srong draft of 
the stack induces a strong exhaust to these vapor 
lines and is found to be very effective in remov- 
ing air and vapor from the heating system mains. 
All of the piping in connection with the heating 
system, both for low pressure steam supply and 
return, is covered with H. W. Johns fire felt ap- 
plied to a thickness of 1%4 in. and enclosed in 
canvas jacketing. 

Ventilation—While the City Hall building is 
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situated on a spacious grounds and has ample 
corridor spaces within, which are the conditions 
most favorable for natural ventilation of a build- 
ing, artificial ventilation has been provided for in 
a number of the public and more extensively oc- 
cupied portions. These include the Common 
Council chamber, the Board of Works meeting 
room,’ the court-rooms in the basement, the 
Mayor’s office and some of the large and much 
frequented offices. In certain of these, notably 
the Common Council chamber and the court- 
rooms, the fresh air supply system is depended 
upon solely for heating, while in the remaining 
portions fitted for mechanical ventilation, the in- 
direct heating is supplemented by radiators which 
are so placed as to counteract window glass ex- 
posure, and accomplish partial heating if the in- 
direct systems be shut down. Ample changes of 
air are provided for in all of the ventilated por- 
tions to provide for maximum conditions of oc- 
cupancy so that, with the profuse ventilation that 
has been provided in the corridors and interior 
court area, a very satisfactory and effective venti- 
lation of the entire interior of the building is se- 
cured. The equipment also includes two inde- 
pendent exhaust systems for the groups of toilet 
rooms in either end of the building and air filters 
of the cheese cloth type for the fresh air supply. 
An unusual feature of the installation is the use 
of a Corliss engine drive for the operation of both 
the fresh-air supply and exhaust fans. 

The ventilation is applied to the building in 
general on the downward system, the fresh air be- 
ing delivered to the rooms supplied near the ceil- 
ing line, while the foul air is exhausted through 
registers near the floor line. An exception to this 
is to be noted, however, in the case of the fresh 
air supply to the interior court areas which rise 
from the basement through the center of the build- 
ing to large size double sky-lights at the roof line; 
in this case the hot blast is delivered to these spaces 
through registers located 10 ft. above the first 
floor level, the purpose being principally to deliver 
heated air centrally under the sky-lighting which 
will diffuse with the cool descending currents 
from the glass surface and prevent cold drafts. 
The mechanical ventilation is confined entirely to 
the basement and first and second stories and the 
greater part of it is applied to the more important 
offices on the first floor. On this latter floor, 
which has a clear head-room from floor to ceiling 
of 19 ft. the counting room of the Water Board, 
the Tax Commissioner’s business office and the 
Tax Receiver’s counting room are large important 
offices in which profuse ventilation was required. 
On the second floor there is the meeting room of 
the Board of Works, the Mayor’s office and the 
meeting room of the Police Board, all large rooms, 
to be ventilated, while in the basement there are 
two police court rooms, the business office of the 
Street Department, and the general office of the 
Alms Department of the City, which are exten- 
sively occupied and require ample ventilation. 
Ventilation arrangements in the Common Coun- 
cil chamber was carefully. designed to produce the 
best results without bringing the system into evi- 
dence and the design follows closely the methods 
which are usual in theater and public hall venti- 
ating installations. In addition to this ventilation 
is provided in the sub-basement for both the en- 
gine room and a jail room of the Police Depart- 
ment. 

The proportions of fresh air supply and exhaust 
selected for the various offices ventilated were 
taken with reference to average conditions of oc- 
cupancy, while in the Common Council chambers, 
the court-rooms and the various meeting rooms, 
ample ventilation is provided for maximum con- 
ditions of occupancy, fully 30 cu. ft. per minute 
being supplied for every person accommodated in 
the room or hall. In addition to the capacity of 
ventilation provided in these rooms for crowded 


206 


. conditions, the distribution of both supply and ex- 
_ aust registers were carefully arranged to pro- 
duce most;,effective results in clearing the air in 
_ all parts of the room. The registers and duct 
work. are designed throughout for low velocities 
. of flow, those for fresh air supply being operated 
with delivery velocities of about 2,000 ft. per min- 
ute in the basement duct lines which is reduced in 
. the rising flues and connections to about 1,000 ft., 
‘and through the delivery registers to about 500 ft. 
per minute. The ducts and connections of the ex- 


haust ventilation system are similarly propor- . 


tioned, except that slightly lower velocities of 
flow are provided for. The details of the duct 
system connections and outlet registers for both 
fresh air supply and exhaust ventilation from all 
rooms in the building are presented in an accom- 
panying table from which the general proportions 
of the system may be observed. 

The ventilating systems, both fresh air supply 
and exhaust, are operated by fans located in the 
sub-basement. Owing to the extent of the service, 
two blower units are used in either case instead of 
one large unit, and each two units are located in 
spacious fan rooms that serve as intake chambers, 
the delivery being made direct from the fan out- 
lets to the duct work or tunnel connections as the 
case may be. The fans are all three-quarter- 
housed steel plate fans, built by the B. F. Sturte- 
vant Co., and have 12 vane wheels, 8 ft. in diame- 
ter, which are 60 in. in width for the fresh air 
supply fans and 48 in. wide for the exhaust fans. 
They are all operated at 225 r.p.m., at which the 
supply fans have each a capacity of 62,250 cu. ft. 
per minute or a total capacity of 12,500 cu. ft. per 
minute for the fresh-air supply division, while the 
exhaust fans at this speed handle 50,000 cu. ft. 
per minute each, removing together 100,000 cu. 
ft. from the building per minute. A unique fea- 
ture of the fan installation is the method of drive, 
which consists of a 100 h.-p. Corliss steam engine 
with belted jack shaft driving connections. This 
engine is, as stated in the preceding article, located 
in the westerly portion of the sub-basement from 
which it is belted to a 98-ft. jack shaft extending 
along the rear wall in the direction of the fan 
rooms. This shaft is operated at 150 r.p.m., and 
the fans are driven by single belt drives, the wheel 
shafts being coupled in tandem. The engine is a 
Watts-Campbell simple Corliss engine with 16x30- 
in. cylinder and operates normally at 75 r.p.m., 
at which speed it develops 75 h.-p. It has a Io-ft. 
fly-wheel which is belted direct to the jack shaft 
and is fitted with a safety governor which will 
automatically stop the engine should the speed be 
increased more than 10 per cent. above normal. 

The fresh air supply fans, are located in a fan 
room 22x44 ft. in size in the easterly rear corner 
of the sub-basement to which the fresh air is 
drawn in through a group of cheese-cloth air fil- 
ters and a set of tempering coils; the room itself 
thence serves as an intake chamber, from which 
the fans draw directly while delivery is made 
through duct connections to the distributing duct 
lines outside. The air filter consists of a series 
of 8 cheese cloth frames, 7 ft. in width by rr ft. 
high, which present a total area of filtering me- 
dium of about 600 sq. ft., with which, at the maxi- 
mum delivery of the fresh air supply fans of 
12,500 cu. ft. per minute, a low filtering velocity 
of about 20 ft. per minute is obtained. The screens 
consist of wooden frames upon which the cheese 
cloth medium is stretched over wire netting for 
stiffening and backing purposes and they are 
mounted in an angle iron frame work, with pro- 
visions for removing when necessary for cleaning. 

The air supply is heated in winter weather be- 
fore being delivered to the buiding by a temper- 
ing coil in the fan intake and reheater coils in the 
duct delivery connections to the various rooms, 
by means of which arrangement the temperature 
of the air delivered to the various rooms may be 
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accurately controlled. The tempering heater con- 
sist of a row of Io special cast-iron radiators each 
containing 150 sq. ft. of radiating surface which 
are mounted in a row on a I2-in. brick wall, 5 it. 
in height between the fans and the air filter. The 
upper portion of the rooms surrounding the radia- 
tors is shut off by a galvanized iron partition while 


“in the brick supporting wall are three 36x6o-in. 


dampers for the purpose of by-passing the temper- 
ing coil when desired, thus reducing the tempera- 
ture to which the air supply is tempered in the in- 
take. 

The reheating coils are installed in the fresh 
air supply ducts to each of the rooms ventilated, 
for individual heating of the air thus supplied ac- 
cording to the requirements of each room. They 
are installed in the sizes indicated in the accom- 
panying table of duct sizes and each reheater is 
thermostatically controlled from the room served. 
With this arrangement the most effective applica- 
tion of the indirect heating is secured as each de- 
livery is thus independently adjusted to the heat- 
ing requirements and is shut off whenever the di- 
rect radiators in the room can maintain the de- 
sired temperature. The Johnson system of tem- 
perature regulation is installed, there being ther- 
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The public toilet rooms of the building are 
ventilated by independent exhaust systems in or- 
der to prevent the possibility of communication 
of odors through the duct work to other parts of 
the building. These toilets are located in the 
two rear corners of each floor from the base- 
ment to the fourth floor, there being two on 
each floor, about 11x17 ft. in size, or 10 in all, 
and for their ventilation, two 2%4x5 ft. vent 
shafts were built in the wall construction ad- 
joining these rooms, from the sub-basement to 
the roof in either corner. They are connected 


with the toilet rooms by 6x6-in. vent register 


openings at the ceiling line for exhaust and also 
serve an important purpose in accommodating 
the soil pipes and other pipe lines of the plumb- 
ing system in open construction. These vent 
shafts are each connected in the attic to motor- 
driven cone exhaust fans, which operate con- 
tinuously, indepefdent of the other ventilation 
systems, and discharge through copper vent hoods 
through the roof. The fans ate 36-in. 16-blade 
full-cone cased fans which are direct-connected 
to 3 h.-p. Sprague motors and operate at 650 
r.p.m. Owing to the use of alternating current 
for operation of the lighting service in the build- 
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Reheater Exhaust Ventilating Systems. 


Fresh Air Supply Systems. ri sq. ft. Ducts, in. Registers, ins. 
Floor Room. Size ft. Ducts, ins. Registers,ins. 
Sub- Engine Room........... gGuRveri) hme tar: -. ', | reletete inte keene nC I—I0 X 24 I—30 X 24 
Basement...... Jail (Room eorectae 40 X 40 I— 6x 18 50 holes. : 
(11-ft. ceiling.) 2 in. diam. 100 I—6 xX 24 I—18 x 24 
Basement..... Court} Roone) essences 24 X 46 I—8 x 78 I—24 x 78 330 I—12 X 24 2—18 x 24 
(16-ft. ceiling.) “ 24 x 46 1—8 x 78 17724 x 78 330 I—12X 24 2—18 x 24 
St. Dept. Business Office.. 26 x 65 I—8 x 24 I—24 X 24 370 -2—8 x 24 2—24 X 30 
1—8 x 42 I—24 X 42 Sy 
Alms. Dept. Gen. Office... 27 x 28 1—8 x 36 I—24 x 36 190 ; 
Main Corridor... ....0++-- Space under dome. 4—6 x 66 4—18 x 66 
First Floor....Water Bd. Count. Room.. —8 x 30 I—24 X 30 960 2—8 x 24 2—24 X 24 
26 x 100 3—8 x 42 3—24 X 42 2—8 x 30 2—24 X 30 
(19-ft. ceiling.) Tax Com. Business Office.. 36x 42 2—8 x 42 2—24 X 42 460 1—8 x 30 I—24 X 30 
Commissioner’s Office.... 14X31 I—8 x 24 I—24 X 24 130 
Secretary’s Office........ I7 X22 I—8 x 24 I—24 X 24 110 1I—8 x 24 I—24 X 24 
Clerk’s- Offices; <onisiisier''¢ 1—8 x 30 I—24 X 30 
; 27X27 I—8 x 36 I—24 x 36 220 I—8 x 24 I—24 X 24 
Tax. Rec, Count. Room.. 35 x 60 3—8 x 42 3—24 x 42 2—8 x 24 2—24 X 24 
660 2—8 x 30 2—24 X 30 
Interior Courts «sfelesl«i< 4—24 x 36 4—36 x 60 3200 + 
Second Floor. Meet. Room Bd. of Wks... 35 x 60 4—8 x 42 4—24 X 42 480 4—8 x 30 4—24 X 30 
(17-ft. ceiling.) Mayor’s Gen. Office...... 24 X 32 2-8 x 8 2—16 x16 200 
Private Office sits sieiete I4X 32 I—8 x 30 I—24 X 30 120 I—8 x 24 I—24 X 24 
Meet. Room Police. Bd... 24 x 35 I—8 x 36 I—24 X 36 230 I—8 x 30 I—24 X 30 
Common Council Chamber............ 48 x 60 6—15 x 48 2—15 x78 2160 I—I5 x 36 2—27 x 84 | 
; 2—36 x 48 I—24 x 96 15 x 180 Grille 
2—30 Xx 50 


mostats in each of the rooms ventilated which, in 
addition to that controlling the direct radiation, 
controls all of the indirect heating of that room. 
The tempering coil is under the control of a ther- 
mostat in the supply fan room to regulate the 
amount of tempering of the incoming air. 

The exhaust ventilating fans are located in an 
18x20-ft. room in the central portion of the sub- 
basement space into which the exhaust gathering 
ducts from all parts of the building are led, this 
room serving as an exhaust chamber for the fans. 
The gathering duct connections consist, as. will be 
noticed from the sub-basement plan of the City 
Hall in the preceding article, of two 6x66-in. ducts, 
a 34x108-in. duct and a 42x72-in. duct. The fans 
have intake direct from this chamber and deliver 
to the atmosphere through the piping tunnel 
which extends underground to the boiler house 
building at the rear of the main building. This 
tunnel is, as stated in the preceding article, 8 ft. 
square, and connects at the boiler house end, into 
a large brick flue rising to a point about 4o ft. 
above the sidewalk, where it has a hooded outlet. 
This flue is 6x15-ft. in area and has a full sized 
damper near the top which is controlled from be- 
low by ropes to permit of shutting off the outlet 
in case it is desired to shut down the system in 
cold weather. The ventilating flues are all with- 
out automatic dampers or control with the excep- 
tion of those from the Council chamber which 


have automatic dampers under the control of. 


thermostats in the chamber which causes them 
to open when the temperature increases above a 
predetermined point and closed when the temp- 
perature lowers. 


ing, these motors are operated on an independent 
supply of 5o0-volt direct-current, for which a 
special service connection is made by the local 
lighting company, and suitable switches are in- 
stalled for control of the motors from the sub- 
basement. The private toilet rooms in other 
parts of the building have outside windows and 
are not fitted for mechanical ventilation. 

The mechanical plant of the City Hall was de- 
signed for the architects by James M. Seymour, 
Jr., consulting engineer, Newark, N. J. The 
architects of the building were John H. and 
Wilson C. Ely, of Newark, N. J., and Mowbray 
& Uffinger, New York. The commissioners for 
the new City Hall were Andrew Kirkpatrick, 
Gottfried Krueger and James E. Howell: 


Tue Execrric Pumpinc Prant of the Scun- 
thorpe, England, water works consists of two 
units which force a supply through 2 miles of 
g-in. main against a maximum head of 240 ft. 
The supply is drawn from an infiltration gal- 
lery. One pumping unit consists of a horizontal 
triplex pump, belt-driven from a 50-h.p. alter- 
nating current motor. The second unit consists 
ofa three-stage Worthington turbine pump, driven 
by a similar motor through a flexible coupling. 
Three-phase 25-cycle, 2,200-volt current is sup- 
plied from a station 434 miles distant through 
an underground transmission line. The inaces- 
sibility of the pumping station for carting fuel 
and supplies made the adoption of electrical 
power essential. The use of gas, oil and steam 
was fully considered, but the peculiar nature of the 
undertaking was decidedly in favor of electricity. 
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Some Notes on Oriental Water-Works. 


A paper read before the American Water-Works Asso- 
ciation by George A. Johnson, principal assistant engineer 
with Hering & Fuller, New York. 


During the writer’s recent trip around the 
world it was his privilege to make a somewhat 
extended study of numerous Oriental water- 
works. It would be out of place in a paper 
of this character to go much into detail or to 
attempt a complete description of all the works 
visited. In this article, therefore, will be given 
as briefly as possible the more salient features 
of Japanese water-works, and of the works at 
Shanghai, China, Singapore, Straits Settlements 
and Bethmangala and Calcutta, India, observing 
the general lines followed by the writer in his 
illustrated lecture on this subject delivered last 
June at the Toronto Convention of this Asso- 
ciation. 

Some of the data used in this paper have 
been taken from an article by the writer which 
appeared in The Engineering Record, May 11, 
1907. For their great kindness in aiding the 
writer in his endeavor to obtain information 
upon the works described, hearty acknowledg- 
ments are due to Dr. Y. Nakajima of Tokyo; 
Mr. S. Inoue and Dr. S. Tanabe of Kyoto; 
Mr. Z. Mita of Yokohama; Mr. K. Funabiki; 
Mr. H. Ono, Mr. K. Inouye and Mr. Y. Tsuji- 
mura of Osaka, Japan; Mr. McLeod and Mr. 
Mollison of Shanghai, China; Mr. Pierce of 
Singapore and Mr. Bell of Penang, Straits Settle- 
ments;; Mr. Fogarth of Bethmanagala and Mr. 
McCabe and Mr. Peirce of Calcutta, India. 

Water Works of Japan—There have been pub- 
lic. water supplies of a kind in Japan since the 
year 1600 when Iyeyasu, founder of the Tokugawa 
dynasty of Shoguns, inaugurated the first pub- 
lic water supply at Tokyo. These original works 
were remodelled and improved some 65 years 
later, and were improved and extended many 
times during the next two centuries. It was 
not until 1892, however, that the present modern 
and efficient works were put under construc- 
tion, and it was 1898 before they were com- 
pleted. ; 

To Yokohama belongs the credit for having 
installed the first modern system of water works 
in Japan, begun in 1885. For the data from 
which the following digest of modern water 
works practice in Japan has been prepared the 
writer is indebted to his friend, Mr. S. Inoue, 
Chief Engineer of Kyoto Municipality, Japan, 
and a member of this Association. In 1889 the 
construction of the Nagasaki water works was 
begun. Osaka commenced her works in 1892, 
Hiroshima in 1896, Kobe in 1897, Hakodate in 
1898, Shimonoseki and Okayama in 1900 and 
Akita in 1903. In all, therefore, there are ten 
cities in Japan provided with public water sup- 
plies, nine of which are filtered before delivery 
to the consumers, the Hakodate supply being 
unfiltered. In addition to these ten cities there 
are Kamiura, Sawarazawa and lizuka, towns 
with populations of 2,165, 1,396 and 1,240, re- 
spectively, which have public supplies, that of 
one, Kamiura, being filtered. 

The total population of the thirteen cities and 
towns which have public water supplies is in 


round numbers about 4,100,000, and of this num- 


ber roughly 4,000,000 are supplied with filtered 
water. In general terms about one-third of all 
service lines are metered, and there is a fire 
hydrant provided to about every 50 houses. The 
average daily water consumption is about 25 
gallons per capita. The total capital cost of all 
existing Japanese waterworks systems to date is 
in round numbers $11,500,000, or $2.80 per capita. 

Tokyo Water Works.—The original design of 
these works called for a capacity of 45,000,000 
gal. per day, or sufficient to serve a population 
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of 1,500,000. Construction work was begun in 
1892 and the works were first put into com- 
mission in 1898. In 1904 the population ot 
Tokyo was 1,870,628. 

The intake is located on the Tama River at 
Hamura, and from there to the present works 
the water flows by gravity through about 30 
miles of open and closed canal. On reaching 
the works at Yodobashi the water passes through 
sedimentation basins, three in number, each 
720 x 300 x 19.5 ft. deep, having a total capacity 
of 67,300,000 gal. These basins may be worked 
intermittently or continuously and when oper- 
ating as continuous flow basins the period of 
sedimentation is equal to about 36 hours, and 
the velocity of flow through them to about 0.067 
in. per second. 

From the sedimentation reservoirs the clarified 
water flows through regulated outlets onto slow 
sand filters, of which there are eighteen one 
acre units. The sand layers are 30 in. in depth 
and are supported by 24-in. of graded under- 
draining material. The filters are operated at 
a rate of 2,933,000 gal. per acre daily, corres- 
ponding to a total gross capacity for the 18 
filters of 52,794,000 gal. daily. 

The filters require scraping about seven times 
a year on an average. At such times the 
dirty sand is removed from the beds, dumped 
into cement lined troughs, water applied and the 
sand agitated by coolies with rakes until clean. 

There are three filtered water basins, all 
covered, located at Yodobashi, Hongo and Shiba 
respectively. The capacity of each basin is 
7,500,000 gal., corrresponding to a total storage 
capacity of about 12 hours. 

Two thirds of the supply is delivered by 
gravity to the low level districts. The re- 
maining one-third is pumped at the Yodobashi 


station to the high level district in Yotsuya, 
Akasaka, Azabu, Shiba, Kojima, Ushigome, 
‘ Koishikawa, Hongo and Kanda wards. The 


pumping station at Yodobashi contains four 300- 
h. p. pumping units each of a capacity of 7,500,000 
gal. per day -when working against a head of 
from 80 to 100 ft. There are twelve Lancashire 
boilers and two sets of Green economizers. 

The charges for water vary, according to the 
use to which it is put, from 6 to Io cents per 
1,000 gal. The water is of excellent quality, 
clear, soft and without noticeable color. 

At the present time there are 85,539 services 
and 5,177 fire hydrants. The metered services 
number 20,514. ; 

The water consumption ranges from II to 23 
and averages 17 gal. per capita daily. The total 
cost of works to date is $4,250,000. 

Osaka Water Works.—TYhe Osaka water works 
were put under construction in 1892, and orig- 
inally designed to serve a population of 600,000. 
They were later extended to serve a population 
of 800,000. 
was 1,026,767. 

The supply is derived from the Yodo River 
frrom whence it is raised by three centrifugal 
pumps to a series of four settling basins against 
a total head of about go ft. After 36 hours 
sedimentation the water is applied to slow sand 
filters and then pumped by seven triple expan- 
sion pumping engines of the Worthington type 
to the distributing reservoir at Osaka Castle 
against a total head of about 130 ft. The capacity 
of this storage reservoir is 3,750,000 gal. 

The raw river water has a turbidity ranging 
from Io to 350 parts per million. There will be 
about 20 days in the average year when the 
turbidity of the raw water will be over 100 parts 
per million, and about 50 days when it will be 
over 50 parts. The alkaliniity averages about 
20 parts per million, and the numbers of bacteria 
range from 40 to 30,000 and average about 2,- 
000 per cubic centimeter. 


The population of Osaka in 1904 ° 
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The settling reservoirs, four in number, are 
each 330 x 360 x I2 ft, effective depth. Their 
combined effective capacity is 42,600,000 gal. The 
sediment in these basins is flushed out once 
annually, when between 3 and 4 in., or about 
5,200 cu. yd. are removed. The cost of labor 
for flushing out this material is 2 cents per 
cubic yard. 

The cost of the basin completed in 1903, the 
effective capacity of which is about 10,000,000 
gal., was $83,370, exclusive of the cost of land 
which costs at present $2.00 per tsubo, or $2,420 
per acre. 

The filters are of the slow sand type, eleven 
in number, ten of which are 151 x 182 ft. and 
one 182 x 350 ft. The total filtering area is 
therefore 7.77 acres. The tanks are of concrete 
and brick and the filter finished in 1903, 182 x 7.5 
ft. deep cost $40,700 or $27,840 per acre exlu- 
sive of the filtering material which cost about 
$3,000 per acre additional. 

The filters are operated in an up to date man- 
ner, although the rate of filtration is not auto- 
matically controlled and fluctuates with . the 
pumpage. The average actual rate of filtration 
is 2,900,000 gal. per acre daily. The net rate 
is equal to about 2,600,000 gal. per acre daily. 

Each filter requires scraping about twice a 
month on an average, and at such times about 
one-third inch of material is removed. No at- 
tempt is made to recover by washing the sand 
thus removed and it is used for fill. A gang 
of coolies is kept busily engaged at the river 
bank practically all of the time screening sand 
which is hand dredged from the bed of the 
Yodo River opposite the water works, brought to 
the shore in boats and there sun dried and pam 
screened. 

The water rates vary from 10 to 60 cents and 
average about 20 cents per 1,000 gal. The filtered 
water is of excellent quality, has an alkalinity 
of about 20 parts per million, and during the © 
year 1905 contained the average number of 25 
bacteria per cubic centimeter. 

There are at present 48,513 services of which 
9,369 are metered. There are 3,000 fire hydrants. 
The total cost of the system to date is $1,- 
653,020. 

Yokohoma Water-Works—The Yokohama 
water works were put under construction about 
22 years ago when the first pipe lines were laid 
from the Sagami River. The new intake is lo- 
cated on the Doshi River near the foot of 
Fujiyama, and from there to the site of the 
filteration works on Nogiyama, a distance ot 
some 30 miles, the water flows by gravity. 

The works were originally designed to serve 
a population of 70,000 and have since been ex- 
tended to serve 300,000 people. In 1904 the pop- 
ulation of Yokohama was 331,597. 

The raw water of the Doshi River is normally 
clear and noticeably free from color and tur- 
bidity except at times following heavy rains. 
The alkalinity of the water is about 27 parts 
per million. 

On reaching the filtration works the four 
supply mains discharge ‘into twy receiving wells 
of masonry construction and from them is dis- 
tributed to slow sand filters. These wells are 
small and permit of comparatively no storage. 
Suitable regulating devices are provided to main- 


tain a constant water level in the wells and 
on the filters. 
The three slow sand filters built some 21 


years ago have recently been supplemented by 
three more filters. The beds are arranged in 
two batteries, one of four and one of two filters. 
The former are each 120 x 70 ft., and the latter 
are each 120 x 80 ft., corresponding to a total 
filtering area of 1.212 acres. The tanks are built 
of masonry and brick. The sand layer is 2.5 
ft. thick supported on a layer of graded under- 
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draining material 18 inches in depth. The sand: 


is of medium size, rather dark in color, and 
of good stable quality. It costs about $2.75 per 
cubic yard in the filters. 

The filters are operated at the somewhat 
high rate of 6,530,000 gal. per acre daily; and 
require scraping about once a month. Sand 
washing procedures are similar to those em- 
ployed at the Tokyo water works. 

There are two baffled clear water basins, both 
covered and having a total capacity of 3,192,000 
gal., corresponding to a storage of practically 
12 hours supply. 

The filtered water is high grade, clear, soft 
and colorless, and stands in enviable repute 
among the citizens of Yokohama. The works 
are well built and well operated. There are at 
present 2,745 metered and 7,679 unmetered ser- 
vices. There are 1,236 fire hydrants, or one 
to every 50 houses. The consumption ranges 
from 19 to 29 and averages 24 gal. per capita 
daily. The total cost of the system to date is 
$1,548, 140. 

Kobe Water Works—The Kobe water works 
were put under construction in 1897 and consist 
of impounding reservoirs in the hills immediately 
back of the city, slow sand filters and small 
distributing reservoirs. The system is a gravity 
one throughout. 

The impounding reservoirs, two in number, 
have a total capacity of 483,000,000 gal. corres- 
ponding to a storage of 140 days supply at the 
average rate of consumption of 3,480,000 gal. 
daily. The catchment area for the most part 
consists of the steep slopes of the hills back 
of the city and two small brooks serve as the 
main feeders. The watershed is but sparsely 
populated owing to its mountainous character. 

The raw water, owing to the lengthy period 
of storage allowed, is never excessively muddy 
when applied to the filters. It is soft and free 
from noticeable amounts of color. 

The filters are eleven in number, and have a 
total area of 3.04 acres. Prior to its applica+ 
tion to the filters the water passes through a 
small settling reservoir. of a capacity of 1,000,000 
gal. The distributing basins are 5 in number 
and have a total capacity of 260,000 gal. 

There are at the present time 11,581 services in 
the city, 2,576 of which are metered. There are 
1,173 fire hydrants. The works were designed 
to serve a population of 250,000. In 1904 the 
population of Kobe was 295,276. 

The water consumption ranges from 20 to 40 
and averages 30 gal. per capita daily. The total 
cost of the system to date is $1,468,640. 

Nagasaki Water Works—These works were 
put under construction in 1889, and consist of 
impounding reservoirs, slow sand filters and 
distributing reservoirs. It is a gravity system 
throughout. 

The original works were designed to serve a 
population of 60,000; but have since been ex- 
tended to serve 182,000, In 1904 the population 
of Nagasaki was 159,041. 

The impounding reservoirs are three in num- 
ber and have a total storage capacity at a daily 
average consumption of 1,680,000 gal. or 293 days 
supply, or 493,000,000 gal. The supply is drawn 
frrom small mountain streams. 

From the storage reservoirs the water flows 
to the slow. sand filters, nine in number and hav- 
ing a total area of 2.36 acres. From the filters 
the water flows to four clear water basins, hav- 
ing a total capacity of 2,930,000 gal., from which 
it is distributed by gravity to the city. 

At the present time there are 5,901 services 
in the city, 953 of which are metered. There 
are 492 fire hydrants. 

The total cost of the system to date is 
$788,080. 

Hiroshima Works.—Construction 


work was 
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begun in 1896. Population in 1904 was 127,117. 
The works were designed to serve a population 
of 120,000. The source of water supply is the 
Ota River. There are two settling basins with 
a total capacity of 1,200,000 gal. The slow sand 
filters four in number, have a total area of 
1.75 acres. The clear water basins, two in num- 
ber, have a total capacity of 950,000 gal. Water 
consumption ranges from 15 to 40 and averages 
28 gal. per capaita. There are at present 6693 
services in the city, 1610 of which are metered. 
There are 709 fire hydrants. The total cost of 
the system to date is $465,560. 

Shimonoseki Works.—Construction, work was 
begun in 1900. Population in 1904 was 46,905. 
The works were designed to serve a population 
of 60,000. The supply is derived from small 
mountain streams. The impounding reservoir 
has a capacity of 286,000,000 gal. There are 
three slow sand filters with a total area of 
0.87 acre. *There are two clear water basins 
with a total capacity of 270,000 gal. Distribu- 
tion is by gravity. Total cost of the works 
to date is $440,080. 

Okayama Works.—Construction work was be- 
gun in 1900. Population in 1904 was 81,324. 
The works were designed to serve a population 
of 80,000. The source of supply is the Asahi 
River. There are two settling basins with a 
total capacity of 3,090,000 gal. There are four 
slow sand filters, with a total area of I.31 acres. 
There are two clear water basins with a total 
capacity of 810,000 gal. The total cost of the 
syystem to date is $401,900. 

Akita Works.——Construction work was begun 
{n 1903. The population in 1904 was 33,605. 
The works were designed to serve a population 
of 40,000. The source of supply is drawn from 
the Asahi River, a branch of the Omono River 
The. settling basin has a capacity of 100,000 
gal. There are two slow sand filters with a 
total area of 0.66 acre. The capacity of the clear 
water basin is 750,000 gal. The total cost of the 
system to date is $235,150. / 

Hakodate Works.—Construction work was be- 
enu in 1808. Population in 1904 was 88,071. 
The works were originally .designed to serve a 
population of 60,000, but have since been ex- 
tended to serve a‘population of 150,000. The 
supply is drawn from Aka River. The storage 
reservoir has a capacity of 1,530,000 gal. The 
water is not filtered. There are two distri- 
buting~reservoirs the total capacity of which is 
1,920,000 gal. The daily water consumption 
ranges from 22 to 35 and averages 26 gal. per 
capita. There are at present 2,509 services 
in the city, 729 of which are metered. There 
are 410° fire. hydrants. The total cost, of the 
works. to date is $220,310. 

Sawarasawa Works.—Construct‘on work was 
begun in 1898. Population in 1904, was 1,306. 
The works were designed to serve a population 
of 1,229. The supply is drawn from small moun- 
tain streams. The impounding reservoir has a 
capacity of 300,000 gal. The water is distributed 
by gravity direct from this reservoirs to the 
consumers. The total cost of the works to 
date is $5,060. 

lizuka Works.—Construction work was begun 
in 1898. Population in 1904 was 1,240. The 
works were designed to serve a population of 
1,085. The supply is drawn from mountain 


‘streams. The impounding reservoir, from which 


the water “is distributed direct by gravity to the 
consumers, has a capacity of 200,000 gal. The 
total cost of the works to date is $4,090. 
Kanuura Works—Construction work was be- 
gun in 1900. Population in 1904 was 2,165. 
The works were designed to serve a population 
of 2,500.. The source of water supply is the 
Ushimaki River. The water is applied direct 
to a small sand filter (area .017 acre). The 


Vor. 56, No. 8. 


clear water basin has a capacity of 22,000 gal. 
The total cost of the works to date is $3,410. 

Water Works of Shanghai—Shanghai is lo- 
cated on the east coast of China, south of the 
Yellow Sea and near the mouth of the Yang- 
tse-Kiang. It has a population of about 600,000. 
The water works were built with the particular 
object in view of supplying the foreign popula- 
tion of that city with pure water. The total 
number of people tributary to these works at 
present is in round numbers 45,000, of which 
12,000 are of English and American birth and 
the remainder Chinese. 

The water supply is drawn from the Hwang- 
ho River, the waters of which are normally 
very turbid, as is the case with all rivers empty- 
ing into the Yellow Sea. ' In fact it is the ex- 
cessive muddiness of such waters as those of 
the Yang-tse-Kiang and Hwang-ho that gives 
the name to the Yellow Sea, the waters of which 
are colored a deep yellow for more than a hun- 
dred miles from the mainland of China. 

The raw water is raised from the river by two 
centrifugal pumps of local make and discharged 
through two 20-inch pipes into the settling ba- 
sins. These basins are four in number and 
provide a period of sedimentation of about 25 
hours. 

From the settling basins the water is applied 
to slow sand filters of which there are twelve. 


The areas of these beds range from % to ¥% . 


acre. Considerable fine clay remains in suspen- 
sion even after a preliminary sedimentation of 
25 hours, and the filters-require scraping at in- 
tervals of one month or less. 

Passing the filters the water flows to a clear 
water reservoir having a capacity of 6,000,000 
gal., and is pumped therefrom. through one 25- 
in. and two 20-in. mains to the consumers. The 
daily pumpage ranges from 5,000,000 to 7,000,000 
gal. ; 

The construction work in this plant is high 
grade, and the filters are very efficient notwith- 
standing the fact that they are somewhat over- 
worked at times. 

Singapore Water Works.—Singapore is lo- 
cated on the Island of Singapore at the south- 
ern extremity of the Malay Peninsula. The is- 
land is about 250 square miles in extent and is 
separated from the mainland by the narrow 
Straits of Tebrau. The population of the city 
is estimated at 200,000. 

The water supply is derived from small jungle 
streams which drain about 28 square miles. The 
storage reservoir is located on Thomson Road 
a short distance outside the city and has a cap- 
acity of about 1,000,000,000 gal. The raw water 
is not particularly turbid, but is always highly 
colored. Much of the time the water has a 
strong fishy odor and to the taste is often highly 
objectionable. 

The raw water flows from the storage reser- 
voir by gravity to the outskirts of the city where 
the filtration works are located. The filters are 
of the slow sand type, eight in number, with a 
total filtering area of 2 acres. Operation is 


intermittent; that is, the beds are allowed to 


rest empty about 12 hours in every one to two 
weeks, the length of the operating period vary- 
ing according to the season. By this procedure 
it is understood that a considerable degree of 
success has /been achieved in removing the’ ob- 
jectionable tastes and odors from the water, 
although at the time of the writer’s visit, July, 
1905, the filtered water had a pronounced “fishy” 
odor. The actual rate of filtration is said td be 
about 1,050,000 gal.. per acre in 24 hours, cor- 
responding to a daily yield of about 2,100,000 
gal. for the eight filters. The average daily 
consumption is said to be:'about 5,000,000 gal. 
daily. 

Water Works at Bethmangala, India—These 
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works were constructed in 1903-4 for the ae 
poses of supplying the Kolar Gold Fields wit 
The gold fields are located in the 
State of Mysore, in southern India, and about 
60 miles from’ Bangalore. The water works are 
located just outside the village of Bethmangala 
and about 7 miles from the gold. fields. Up to 
the time of installing the present works the 
water supplied to the laborers at the mines was 
not only of extremely poor quality, but ey 
scarce, a small given amount being allowed eac 
laborer daily. These laborers are chiefly natives, 
but there are also, it is understood, some 800 
English miners among the 20,000 workers at 
- Sv ae supply is derived from the Palar 
River upon which the large storage reservoir at 
Bethmangala, together with many similar reser- 
voirs used chiefly for irrigation purposes, is 
located. The capacity of this reservoir is es 
612,000 gal., sufficient at a daily na lana 
2,400,000 gal. for 724 days supply. The rain a 
at Bethmangala averages only about 17 in. an- 
nually and the raw water is deeply colored, and 
at times high in suspended matter. (A number 
of the details which follow have been taken fror 
an article by the designer of these works, M 
E. B. Weston, and published in The Engines 
ing Record, Dec. 17, 1904, acknowledgment 
which is hereby made.) Bins Aes ‘ee 
As to the filtration and distributing syste a 
raw water enters a masonry inlet chamber S by 
in the Bethmangala reservoir and thence fe 
gravity to a suction well adjacent tet gt 
building from which it is raised by 
pumps to the coagulating basin. The 
(sulphate of alumina) feed enters the Eas 
ter pipe leading from the low lift pumy ious 
coagulating basin. After four hours “passes 
coagulation and subsidence the wat tea de 
over outlet weirs into the supply Be fae 


auto- 


pure water. 


Qulant 
wa- 


ing to filters of the American type. Pe 
filters it is discharged through West ae 
matic controllers into a flume and the high 
the clear water basin, being raised thence. 
lift pumps through a 16-in. main to th 
sold field against a total head of abou | 
: The coagulating basin, located just out 
filter building, is uncovered, is constr laid 
eranite masonry and lined inside with br ; 
ah “surki” mortar. The floor of the basin -y 
erete. The basin is divided into two ee 
by a partition wall and has a capacity 0- 
000 gal. 
ths me four in number, are of the 
gravity type, circular in plan and built che 
ite masonry. Over the manifold collecti: | 
tem is placed a thin layer of gravel summa 
by 3.5 ft. of fine sand. Each filter has be 
capacity of 620,000 gal., corresponding to 
capacity for the four filters of 2,480,000 1 
24 hours. The rate of filtration 1s autor 
controlled by means of Weston effluent 
othe clear water basin is located abe 
from the filter building, is below grot 
and covered. ‘The basin is built of gra. 
sonry and the roof of masonry. th 
There are two low lift pumping OMe ee 
4 total capacity of 5,280,000 gal. per cae 
and three high lift outfits of. the Woi se 
type of a total capacity of 3,600,000 ga 
fours. There is also a centrifugal DP 
washing the filters having a capacity he 
gal, per minute. The last named is be, ‘ 
by a Pelton wheel operated with water ° ¥ 
16-in. high pressure main. Steam to ag 
high and low lift pumps is supplied " 
Pabcock & Wilcox boilers, each of 225 h 
Green economizers. Se 
There is a stand tank at Champior 
Mine in the gold fields, built of brick 


4 
cement mortar. All the filtered water 1s , 


olar 
o ft. 
the 


ell 
in- 


‘are built of masonry. 
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to this tank from which lead branch lines to 

similar tanks located at .he different mines, and 

to the service reservoir at Robertsonpet, a town 
about a mile distant. 

The works were esigned by Mr. Edmund B. 
Weston and built by the Jewell Export Filter 
Co., for whom M. R. W. Lawton acted as super- 
intendent of ccstruction. The amount of money 
appropriated or this work was $324,000. 

Since thevorks were completed periodic analy- 
ses of t¢ Taw water and filtered water have 
been -ade by the official bacteriologist of the 
Mysce Government. The average results of 
the St made during the period Sept. 8-11, 1906, 
th last results: available to the writer at this 
tie, Showed 4,350 bacteria per cubic centimeter 
; the raw water and 13 in the filtered water. 
holera, which prior to the installation of these 
vorks was very prevalent, has been practially 
ibsent among the employees of the mines since 
the works were put into operation. The filter 
plant itself is a model of neatness, and is oper- 
ated in the most intelligent, painstaking and 
efficient manner. 

Calcutta Water Works—Calcutta is located in 
the province of Bengal, on the right bank of the 
Hugli River and about 45 miles inland from the 
Bay of Bengal. The present population is esti- 
mated at 1,100,000. 

The Hugli River, from which Calcutta derives 
its water supply, is the most western branch of 
the Ganges. The drainage area of the Hugli is 
about 25,000 square miles, although in addition 
to the run-off of this watershed considerable 
excess flow from the Ganges enters the Hugli 
during July, August and September, when the 
flood season is at its height, through the Bhagi- 
rathi, Jellinghi and Matabanga Rivers which 
connect the Ganges and the Hugli above Palta. 

The waters of the Hugli River are normally 
very muddy, and at times, especially in the 
rainy season, excessively so. A better idea of 
the effect on the muddiness of the water produced 
by the heavy rains which occur in the rainy sea- 
son may be had from the statement that while 
the average rainfall in this vicinity amounts 
to only about 60 in. annually, as much as 4o 
in. has fallen in a single week, and in 1900 the 
rainfall on two successive days was 14.5 and 10.8 
in. ; 

The river water at the intake at Palta is sub- 
ject to tidal influences; in fact the rise of the 
tides is felt 75 miles above this point. During 
the dry season, namely, February to June, the 
water is quite brackish for a part of practially 
every day, necessitating a cessation in pumping 
for substantially one-half of the time. 

The original works were put under construc- 
tion in 1867, greatly enlarged in 1888, and now 
consist of two pumping stations where the/|wa- 
ter is raised from the river, settling reservoirs, 
slow sand filters, and gravity conduits to a reser- 
voir on the outskirts of the city. Auxiliary 
pumps here force the water through mains di- 
rect to the consumers in the northern part of 
the city, the remainder being discharged into 
three reservoirs, two situated in the town and 
one in the suburbs, from each of which it is 
pumped to the remainder of the consumers. 

The original settling basins, construction of 
which was begun in 1867. are six in number, and 
Four are provided with 
semi-concentric silt-catching pits and two are 
plain. The original basins are each 500x250 ft., 
and range in depth from 7 to 9 ft. The total 
canacity of these six basins is 21,000,000 gal. 

The “new” settling basins, finished about 15 
vears ago, are merely earth excavations, puddling 
beirge practically dispensed with. Notwithstand- 
ing the fact that these basins are excavated in 
a sandy clay the leakage amounts to practically 
nothing. Two of these basins are each 
x 350 x 9 ft. deep. 


2.500 
The remaining two basins 
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are each 2,500 x 250 x g ft. deep. The total 
capacity of the four basins is therefore 84,000,- 
000 gal., making a total capacity for the six orig- 
inal and four new basins of 105,000,000 gal. 
These basins are worked on the fill and draw 
plan and the period of sedimentation is there- 
fore variable. 

As the water enters the settling basins it is 
treated for approximately three months in the 
year, hamely, during the rainy season of July, 
August and September, with aluminoferric. The 
chemical is applied in the proportion of about 
2 grains per gallon, although the method of 
application precludes accurate measurement. A 
bag of chemical is suspended directly over the 
inlet, and is dissolved by the inflowing water. 
The aluminoferric costs about $20.50 per ton 
delivered at the works. 

The original filters are twelve in number, each 
100 x 200 ft., corresponding to’a total filtering 
area of about 5.51 acres. The filtering material 
consists of 30 in. of fine river sand supported on 
4 in. of course sand and 12 in. of graded gravel, 
respectively. The effluent collectors consist of 
small cross drains covered with tiles. These 
drains lead the effluent to main collectors laid 
along the center of the:beds and these main 
drains deliver the effluent into collecting wells 
from which it flows directly into the conduits 
leading, to the auxiliary pumping station on the 
outskirts of the city. 

The new filters are twenty-four in number, each 
200 x 100 ft., corresponding to a total area of 
11.02 acres. In construction these filters are in 
general the same as in the case of the original 
filters, with the exception that the effluent. collec- 
tors consist of two courses of dry bricks laid 
sufficiently far apart to provide suitable water- 
ways. The total filtering area of the thirty- 
six filters is 16.53 acres. 

The average daily wastes consumption is esti- 
mated at 27,000,000 gal. daily (25 gal. per capita) 
and the actual rate of filtration at about 2,825,000 
gal. per acre in 24 hours. 

There are three effluent collecting wells in 
the plant, with a total capacity of about 42,000 
gal, and from these wells the filtered water 
flows through two conduits to the outskirts of the 
city. The conduits are 4 and 3.5 ft. in diameter, 
respectively, and 12.5 miles long. 

It is the custom at present to supply filtered 
water, to the entire city, under about 30 pounds 
pressure at the, various distributing stations dur- 
ing the day hours, excepting the hours Io a. m. 
to 3 p. m. during which hours water is supplied 
under low pressure only to the more thickly 
populated sections of the city. 

Filtered water is not used for street sprink-. 
ling, sewer flushing or fire extinguishing pur- 
poses, a complete separate unfiltered water sys- 
ter, being in use for this purpose, the water 
being pumped direct from the 
raw water mains. 


river into the 


Tunnet Lrnrncs 1n Rock far below the sur- 
face are often considered exposed to extremely 
heavy pressures, which do not come into play 
immediately on excavation.. According to Dr. 
Karl Brandau, such evidences of. general pressure 
were never experienced during the construction 
of the Simplon tunnel. Where the superincum. 
bent mass was greatest, the lightest type 
masonry lining was almost universally employ, 
and has never shown the least sign of dar 
Wherever merely local and unimportant 
sures were observed, they were invariabl; 
to decomposed rock of small internal co 
~He therefore believed that no considera 
culties arise from the pressure of th 
posed rock in the construction of a 
at depths of more than 6,800 ft., in 
stone, though great difficulties are 
in plastic material of considera’ 
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The Quebec Bridge Superstructure Details. — 
Part IX. 


Transverse Bracing.—It is assumed that the 
bridge is exposed to a horizontal wind pressure 


of 25 lb. per sq. ft. on double the exposed surface - 


of one truss and on one side elevation of the floor, 
one-half of the amount being static and the 
other half a live load. To provide for the stresses 
thus developed there are three lateral systems in 
the floor plane and in the planes of the top and 
bottom chords respectively, besides transverse 
bracing in the planes of all vertical posts. Hori- 
zontal shear is transmitted through special con- 
nections from the center suspended span to the 
ends of the cantilever arms and thence to the cen- 
ter posts where it is transmitted through the 
main transverse bent to the river pier. _ Wind 
stresses in the anchor arm spans are transmitted 
to the river piers and to the anchorage piers, 
reaching the latter directly from the floor sys- 
tem and the bottom chord and indirectly through 
the inclined end post and the vertical portal bents 
from the top chord system. The transmission of 
these stresses from the superstructure to the an- 
chorage pier is effected by the very novel and in- 
genious connection illustrated in The Engineering 
Record of December 29, 1906. 

The top chords are connected by transverse 
struts at panel points and between them there are 
X-braces with I-shaped cross section having a 
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bars are made with zig\ag angles having at each 
end two rivets in small gusset plates riveted be- 
tween the vertical legs of flange angles. Their 
top and bottom flanges are Yield riveted between 
end connection plates at the \ends of the trans- 
verse struts. 

The top lateral transverse strut& like the diag- 
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depth of 3 ft., and all of them made with 
s of 6x3%x7-I6-in. angles riveted to- 
k to back and latticed. One of the 
de continuous and the other is cut 
he intersection where they are spliced 
op and bottom flange cover plates 
b-connection angles. The lattice 


Intermediate Transverse Strut. 


onal members, are uni’orm throughout the anchor 
spans and have rectargular cross sections about 
4 ft. deep and 4 ft. wide made with four 4x4x3- 
in. angles with their flanges turned inward and 
latticed on all sides by zig-zag 21%4x114x5-16-in. 
angles with two rivets through the ends of each. 
Horizontal top flange plates project beyond each 


‘no transverse bracing below it. 
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end of the struts and are field riveted to the top 
of the vertical post. The bottom flanges of the 
struts are also connected to the vertical posts at 
both ends by pairs of 3-in. gusset plate knee- 
braces 7% ft. long which also serve as jaws to re- 
ceive the field riveted connections of the X-brace 
diagonals. Horizontal and vertical batten plates 


Bottom Lateral Diagonal and Connectiol of Intersection. 


are riveted to the four angles at both ends of 
the trusé making a complete closed rectangular 
section there and stiffening it for the web plate 
connections with the diagonal struts. 

The pottom lateral system consists of trans- 
verse struts at panel points and intermediate X- 
bracing With diagonal struts having rectangular | 
cross section 4%4 ft. deep and 25 in. wide, made 
with four 6x4-in. flange angles riveted to 25x%4- 
in. top| and bottom cover plates and united by 
vertical latticing of 2x3-in. zig-zag angle bars. 
Both struts are cut to clear with mitred joints 
at the {intersection where they are spliced by 
field riveted 92x!4-in. flange cover plates 9 ft. 3 
in. long) and by vertical web connection angles on 
the sidd@ plates. The ends of the struts are field 
riveted Retween horizontal connection plates pro- 
jecting from the lower chord flanges. The lower 
chord traiiSverse struts are similar to the X- 
bracing. 

All vertical posts are connected by top and 
bottom arid intermediate transverse struts, the 
panels between which, excepting that which in- 
cludes t}e¢ space immediately above the railroad 
track, a¥¢ X-braced with diagonal struts having 
rectangujat cross sections made with four angles 
latticed Jike those of the transverse struts. At 
intersectfons they are cut to clear and spliced 
like the \lower lateral diagonals and at the ends 
their flartges are field riveted between wide gusset 
plates of} the ends of the transverse struts. At 
f the anchor arm the roadway i8 at the 
vel as the lower chord and has room for 
As the depth of 
the tru3s increases there are either one or two 
panels Of transverse bracing below the roadway 
and th2 diagonal members have I-shaped cross 
sections Made with angles back to back latticed. 
. stansverse struts above the roadway have 


- used on holes toa depth of 30 ft. 


AuGust 24, 1907. 


very deep end cover plates field riveted to the 
flanges of the vertical posts with their edges 
curved to give a more pleasing outline. The pro- 
jections of the plates below the horizontal struts 
serve as knee-braces and are stiffened by angle 
bracing frames like short trusses riveted between 
the inner faces of the plates and forming 
diagonals between the struts and the posts. In 
the deepest portions of the trusses special 
diagonals are provided in the panels just below 
the floor and their members virtually form por- 
tions of the trussed floor beams, as described in 
the last issue of The Engineering Record. 

Mr. E. A. Hoare is the chief engineer of the 
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At the Asheville meeting of the American Li- 
brary Association, a paper of unusual interest to 
engineers was read by Mr. G. W. Lee, on the li- 
brary system of Stone & Webster, of Boston. 
This firm with its Engineering Corporation and 
their departmental offices, has the general con- 
trol, including operation, engineering and financ- 
ing, of some thirty public service corporations in 
various parts of the country, from Maine to 
Texas, from Puget Sound to Porto Rico,*with 
also one in Cape Breton. Besides these, which 


have to do with gas and electric lighting, electric 
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structure and Mr. Theodore Cooper is consulting 
engineer. The contractor for the fabrication and 
erection of the steel:work is the Phoenix Bridge 
Co. 


Heavy Excavation 1n Rep GRANITE has been 
carried on along the line of the Grand Trunk 
Pacific Ry. at a cost of 19.4 cents per cubic yard 
for drilling and blasting, by methods recently 
described in detail by M.G. P. McFarlane in the 
“Engineering and Mining Journal.” In the 
smaller cuts, hand drills with 1-in. steel were 
The holes were 
started with two hammers to the drill, and when 
down about 5 ft., the drill turner also took a 
hammer, for the rapid blows jumped the steel 
enough to bore a fairly round hole. Steam drills 
were generally used in the large cuts, a 3-in. ma- 
chine drilling to 25 ft., and a 3%4 or 3%-in. ma- 
chine to 30 and 35 ft. The cheaper grades of 
steel were used almost exclusively, as they were 
found to wear about as well as the high grade 
brands. Mr. McFarlane found it desirable to 
drill two holes 10 ft. on each side of the center 
line of the cuts and burdened not to exceed 15 
ft. The advantage of this was that very little 
drilling was necessary to square up the bottom of 
the cut. Where the cut exceeded 30 ft, he 
found it best to take it out in two benches. After 
drilling, a chamber was formed at the bottom of 
the hole by springing with dynamite enough 
times to make a place to hold the blasting charge. 
The latier was figured at 60 lb. of black powder 
or 40 lb. of dynamite for each 100 cu. yd. of the 
shot. The advantage of machine drilling was 
evident in the springing necessary to make the 
chamber, for heavy springing causes the rock to 
shift at times and the iarger holes drilled by 
machines permitted considerable shifting before 
the hole was finally closed off. The slips and floors 
caused by springing put a practicable limit to 
the size of the blast, which was reached with 30- 
ft. holes burdened 15 ft., and throwing out 400 to 
800 tons of muck. 
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ground conduit systems, more particularly the 
cost. (2) Periodical references on the ground- 
ing of the secondary. (3) Write-ups on power 
plants of Kansas City and Minneapolis. (4) Cen- 
tral station economies by Goldsborough and 
Fansler at the Niagara meeting of the A. I. E. 
E., July, 1903. (5) References on getting 
shocked through electric conductivity of fire 
streams. (6) The use of peat gas. (7) Vacuum 
system vs. direct steam heating. The answers 
to these particular questions were, for the most 
part, found through the indexes to the technical 
journals; though requests for works on railway 
construction, for methods of estimating popula- 
tion, for a book on boilers and stokers, and for 
information on the measurement of water flow 
were answered in other ways. 

Questions of names and addresses frequently 
come up and, still more than the preceding, call 
for experience, besides familiarity with a num- 
ber of reference books. They are such as might 
arise in almost any office, viz: (1) Name of Sec- 
retary of State of Texas. (2) Vice-President of 
Milwaukee, St. Paul & Sault Ste. Marie R. R. 
(3) Initials of Mr. Blackman, president of Rollins 
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railway and power transmission, are three other 
industrial enterprises which would add electro- 
chemical and textile manufacturing interests to 
the list. The library is at the service of them 
all, though particularly for the use of the head- 
quarters in Boston. 

Questions.—It is impracticable to give anything 
like a complete list of the questions and requests 
that come for immediate attention or for extend- 
ed research, but a selection serves to indicate 
the scope of information which the library en- 
deavors to have ready access to. The following 
are fair samples of what one would expect to 
find on the record of demands: 


(x) Under-* 


College. (4) How to spell the name of an auto- 
mobile resembling “Michelon.” © (5) Is Charles 
S. Sperry’s title “Captain Sperry?” Almanacs, 
newspaper directories, Who’s Who, the advertis- 
ing pages of trade journals, etc., are obviously 
possible sources of information for some of the 
above questions. 

The group of questions concerning spelling, 
rhetoric, etc. like the one immediately preceding, 
includes the sort of questions people in general 
are likely to want answered, while savoring also 
of the personal use of the Library. The fol- 
lowing are typical: (1) Is s always added for 
possessive singular after an apostrophe when a 
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word ends in s, i. e is Davis’ as correct as 
Davis’s? (2) Authority for spelling to-day and 
to-morrow without a hyphen. (3) Authority for 
the spelling Phenix, Ala. (4) Is basket-ball one 
word or two words? (5) The abbreviation for 
mid-night. There has been many a failure to 
find rule or authority for much that one would 
expect to be settled by our ordinary dictionaries, 
encyclopedias or rhetorics. Particularly disap- 
pointing is it not to find cut-and-dried rules for 
addressing persons in public office. 

Less obviously, to the uninitiated, the following 
list seems to bear upon the interests of street 
railway and lighting companies, viz: (1) Wealth 
of the United States and of the World. (2) Cost 
of living in Mass. for a number of years back, 
also an average for the whole United States. (3) 
Weights of different kinds of vegetables per 
bushel. (4) Altitudes of various cities. (5) 
Average temperatures of various U. S. cities. 
(6) Data on Key West. (7) Lumber shipments 
from Florida ports in 1904. (8) Is Savannah 
the greatest naval stores port in the world? !t 
is such questions as these that stimulate one to 
preach a crusade for inter-library, inter-state, 
inter-national reference work, a clearing-house 
system for all human demands. But the people 
who ask these statistical questions are hardly 
interested in such Utopian ideas. They want 
their answers, and the frequency of such ques- 
tions and the insistent demands to have them 
answered or to be put in the way of obtaining 
the answers, leaves Mr. Lee little time to work 
upon the construction of a royal road to antici- 
pating all answers for all time to cothe. ; 

Somewhat akin to the preceding are several of 
the following: (1) Discount on Cyclopedia of 
Applied Electricity for cash payment. (2) Stand- 
ard works on financial matters, currency, bank- 
ing systems, ete. (3) Should coal mine earnings 
be charged as railroad earnings where a railroad 
owns the mine? (4) Rates of interest of Inter- 
borough Railway notes. (5) Compound interest 
tables for annuity calculation. (6) The financial 
side of the Chicago traction situation. (7) Bank 
clearings for Seattle for 1905. (8) Assessed val- 
uation of Seattle. (9) Comparative statements 
of the call and time money rates forthe last six 
months of 1¢06, also the combined reserves of 
the clearing-house banks of Montreal. Finance 
is perhaps the common factor of business life, 
and a certain routine of reference books and ex- 
perience enables one to put the questioner readily 
in touch with the answers to many questions of 
this kind, though one or two of the above proved 
to be puzzlers. 

Again and again Mr. Lee has found that an 
apparently easy question has proved hopeless to 
answer. Look for the date of opening of the 
first interurban and see if you can readily find 
it. So also try to find in the ordinary rhetorics 
the proper way to address a woman’s associa- 
tion: whether “Dear Madames,”’ “Dear 
dames,” “Dear Sirs,” “Ladies,” or what not. In 
the actual case of this kind that came up the 
answer was obtained by telephoning the associa- 
tion in question and thus getting the answer from 
headquarters, “Dear Mesdames.” 

The inter-reference of office departments is of 
vital importance in the solution of many ques- 
‘tions. The following were thus conjointly ans- 
wered; and presumably the work of the Library 
in these instances was discharged in a few words, 
at a saving of much time: (1) Laws and ordi- 
nances governing Seattle elections (Ref. to Cor- 
poration Dept.). (2) Information on galvan- 
izing (Ref. to Statistical Dept. and to Mass In- 
stitute of .Technology). (3) Shall we buy the 
earlier volumes of transactions of Am. Institute 
of Mechanical Engrs.? (Ref. to Eng’g Dept.). 
(4) Capitalization of Turners Falls Pr. Co. (Ref. 
to Securities Dept.). (5) Cost of electric railway 
construction (Ref. to Statistical Dept.). (6) 
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Trade catalogues or bulletins on file giving details 
of alternating current elevator equipment (Ref. 
to Purchasing Dept.). More questions are thus 
referred than the record shows, while of course 
the inter-working of all parts of the organization 
is something to be encouraged. Significant is the 


following extract from an address at a recent 


dinner of members of the office: 

“One of the best known Americans to-day is 
our fellow-citizen of Boston, Edward Everett 
Hale. He has certain phrases that mean much, 
whigh he uses over and over again. They are 
the keynote of one of the most useful lives that 
has ever been lived. The principal phrases are, 
perhaps, ‘Lend a hand’ and ‘Together.’ In that 
way—together—an organization can accomplish 
more than in any other way, and we are here to- 
night to emphasize that word.” 

Libraries, clubs, societies, public depts, etc. 

The following questions were answered, suc- 
cessfully or otherwise largely by an appeal to re- 
sources without the office sometimes merely by 
telephoning, sometimes by a visit to the public or 
other library, club, ete.: (1) Book on hydraulic 
accumulators (Books from Public Library). 
(2) Description of patent granted to W. N. Pat- 
ten and others on leather machine about four 


‘years ago (Ref. found at Public Library). (3) 


Hermann’s map of Oregon (Not found in office 
or in Public Library). (4) Growth of region 
near Philipsburg, Pa., through which Center and 
Clearfield Railway runs (Letters to local library 
and newspapers without satisfaction). 

Kindred to the above are the following, some 
of whose sources of information are discussed 
later: (1) Concrete dwelling houses ( This was 
in 1905, when a trade catalogue obtained of an 
agent seemed best source of information). (2) 
Latest specifications for structural steel of the 
American Association of Steel Manufacturers 
(Obtained _Pocket Companion from Carnegie 
Steel Co.). (3) Resistance of steel wire (Infor- 
mation obtained by letter from manufacturers). 
(4) Cost of heavy machine tools (Advised to ap- 
peal to manufacturers or dealers). (5) Balanced 
draft system, referred to in the Electrical World 
of 12]23)05 as to be used. by Hudson River 
Power Co. for Utica plant (Information obtained 
from the publisher by letter). (6) Practice in 
interurban bridge design for various live loads 
(Learned from publishers of Street Railway 
Journal that articles thereon were about to ap- 
pear in their publication). 

The following suggest particularly the problem 
of how to develop the Library: (1) Bauxite in 
Ga. and Ala. and areas of deposits. (2) How to 
dispose of 51 volumes of the Transactions of the 
American Society of Civil Engineers? (3) Ef- 
fect of crowded English cities on public health. 
(4) Efficiency of transmission lines. (5) Re- 
sistances of alloys. In considering the above the 
following questions arise: 

(1) How far shall we stock the Library with 
data on mineral resources? Out of our usual 
line, but likely to come up, are questions similar 
to the one regarding bauxite, as experience has 
shown. ; 

(2) What shall we de with good things that 
take up room but are not in immediate deme 
With the mass of literature that is out of date, 
superseded, dead, or otherwise supernumerary so 
far as our purposes are concerned? At present 
we have what we call a “give-away sale,” which 
means that most of the material is thrown into 
the waste-basket. The particular question of dis- 
posing of the 51 volumes was personal, being 
asked by one of our engineers. Likely enough, 
in the near future we would gladly purchase them 
at a high price. Meantime supply and demand 
fail to meet. 

(3) The question as to the effect of crowded 
cities characterizes the wide range of the work 
and the need for bearing in mind general articles 
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that may have to do with the extension of trolley 
lines for increasing the suburban population. 
How shall we keep in touch with these broad 
ideas without spending on them more time than is 
justifiable? It is almost the same question as 
“What shall we read in the magazines?” 

(4) The efficiency of transmission lines was a 
question soon dropped as not at the time likely 
to be answered. It suggests, however, the need 
for keeping alive to the literature of efficiency. 
Often data of this kind are so much the stock- 
in-trade of its possessors that they are loth to 
publish them. How much, then, shall a private 
library attempt to publish of what the concern 
has obtained as a business asset? The concern it- 
self must settle that. There are those who say, 
“Get all you can and tell’as little as you can.” 
If therefore we tell everything, who is going to 
confide in us? 

(5) Resistance of alloys. Data on this point 
were readily found in several books a little differ- 
ently stated in each. Why not’ go to the same 
book as often as possible and in the future as- 
sume that this is the book responsible for the 
data which may be disputed. 

The following questions came up more than 
once, sometimes however in a little different 
form. They emphasize the importance of keep- 
ing a copy of each bibliographical list that is 
made, lest there be a subsequent call for it; also 
the importance of better team work throughout 
the departments, so that if one man studies a 
special subject the fact will be known before 
others start torstudy it. (1) Copy of contract to 
build Panama Canal (Obtainéd once or twice be- 
fore, but mislaid). (2) Air lift pumps for water 
(Wanted by two or more engineers at different 
times). (3) Auxiliary station uses (Seems to 
have been asked from the engineering and also 
the advertising standpoint). (4) Books on mu- 
nicipal ownership. (Demands for such literature 
would warrant some good bibliographical work). 
(5) Articles on depreciation (Requested by s- 
eral specialists). (6) Motor cars on steam rail- 
roads (This and the two following show a series 
of kindred questions). (7) Gasolene car on 
Delaware & Hudson R. R. (8) Literature on 
gasolene cars, such as tried on Union Pacific. 

The following requests were fulfilled in a va- 
riety of ways. In two or three cases some one 
happened to remember that somebody else knew 


the answer; in others a good guess was made at: 


what the questioner intended, or luck in some 
form helped out. The human element enters 
into business of every kind, and we can hardly 
hope, in this generation at least, to solve all our 
questions by the luxury of a push-button or 
nickel-in-the-slot machine. 

(1) References on electrical fountains. (2) 
Household refrigerating machine and electrically 
operated carpet-cleaner said to be advertised by 
Edison. Co. of Boston. (3) Equation of hystere- 
sis. (4) Article in Street Railway Journal a few 
months ago on “long-distance engineering” (i. e., 
“designing at arm’s length”). (5) Volume of an 
engineering magazine (not American) that the 
petitioner had borrowed two months ago or so. 
(6) World’s Fair official guide giving altitudes 
(4. e, World Almanac). (7) Bullinger’s buy- 
ers’ directory (i. e, “Hendricks’ Commercial 
Register”). (8) Get me that sheet of paper 
which I said, “Look out or it will be lost.” (9) 
Please file this paper in such a way that it can 
be found even if the one asking for it “don’t 
know what they want.” ; 

Sources of Information—The sources of infor- 
mation may be classed as follows: a, Documents, 
mostly typewritten, the records of the business. 
b, Books, pamphlets and periodicals. c, Maps, 
atlases, etc. d, Indexes, catalogues, lists, etc. e, 
Other departments. f, Other libraries. g, Busi- 
ness undertakings, institutions and people in gen- 
eral. h, Miscellany: some unappreciated publica- 
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tions, emergencies, and matters of that sort. 

One naturally expects that books and periodi- 
cals are the chief sources of information in a 
business library as in any other, else the term 
“library” were a misnomer. And yet misnomer it 
may in fact be when applied to this library; for 
the printed literature was taken on several years 
after the document file had been established, and 
in numbers there are perhaps fifteen times as 
many documnts on file as books and periodicals 
combined. Hence more properly the Library is 
called the Filing Department of the office, where 
literature is kept that may be needed for the pur- 
poses of the business. 
Department where the correspondence is kept.) 

In round numbers there are some 2,500 books 
and periodicals and 35,000 documents, the collec- 
tion being added to at the rate of perhaps 25 a 
day in the proportion of something like one to 
fifteen—not a large Library, but one that aims to 
be and ought to be efficient for its purposes. The 
library force of six persons may seem out of pro- 
portion to the number of pieces on file or the 
results obtained; yet we are asking for still an- 
other to help us out. 

The document file need be considered but 
briefly. It is largely typewritten matter, includ- 
ing propositions, statistical and financial papers 
of various kinds, legal papers such as franchises, 
petitions, mortgages, contracts and the like, also 
reports estimates and a manifold variety of en- 
gineering papers all bound in such documentary 
fashion as convenience requires. Maps and 
photographs, though considered as belonging to 
the Document File, are often of such sizes and 
make-ups as to require their own cabinets. 

Up to 1900 there were a few bound journals 
and a small but growing list of reference books, 
precariously looked after and borrowed with lit- 
tle regard to their ever getting back. In the 
course of two or three years it seemed wise to 
have a goodly collection of technical journals 
dating from the beginning of the century. Later 
on it was deemed a convenience to have at hand 
a set of duplicate indexes (also dating from the 
first of the century) to obviate taking from the 
shelves volume after volume of the. heavy and 
often dusty books in the process of looking up 
some fussy little reference. 

The Library subscribes for upwards of sixty 
periodicals, including such popular ones as the 
World’s Work and such technical ones as the 
London Electrician; and for about forty news- 
papers local to the cities in which the company 
has business interests. The Library makes much 
use of indexes and aims to keep in touch with 
book reviews while in the Purchasing Department 
are a large number of trade catalogues. 

The Library tries to have all the topographic 
maps that the Government has published, for who 
knows whence a proposition may come? It needs 
to know the nature of the country in considering 
an electric railway scheme; to know the course of 
rivers in considering water power electric trans- 
mission schemes. It would like to have to-day 
the topographic maps that were published yes- 
terday; but how can we arrange this, since the 
Geological Survey is not allowed to open ac- 
counts? The present method is to send three 
dollars about twice a year for “all the maps 
that have been published since our previous or- 
der,” (asking for the balance in sheets that are 


‘sually duplicates for us and often of mere waste 


paper value). In addition to these Government 
maps there are the Rand-McNally state and city 
mans, besides those of the Scarborough Company 
and of many other publishers for the different 
localities in which the company is interested; so 
also the Century Atlas and the yearly Rand-Mc- 
Nally Business Atlas, also some atlases local to 
Massachusetts. There is also the List of Maps of 
North America publislted by the Library of Con- 
gress, and when recently a map of the Arctic 


(There is also a Mailing. 
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Ocean was wanted this publication was a sugges- 
tive source for reference. 

The Engineering Index, of several volumes, 
from 1884 to the annual of 1906, inclusive, with 
also its monthly issue, makes a good starting 
point for engineering research. Not satisfied, 
however, with even the annual volume, the 
monthly issues are clipped and pasted in classi- 
fied form, so as to have ready references as 
nearly to date as practicable. Another great 
convenience is a collection of duplicate indexes, 
which has proved a great time saver at little ex- 
tra expense. Ten to fifteen cents is the usual 
cost of such indexes as we care to keep in du- 
plicate, while several of them are incidental to 
our subscriptions to two or more of the journals 
that we refer to oftenest. An index to the more 
general periodicals, including also some of the 
important engineering and_ statistical monthlies 
and a few of the weeklies, is the Reader’s Guide, 
most familiar to librarians. The very inefficient 
or careless indexing of some of our most im- 
portant journals emphasizes the need for having 
at hand more than one source of reference. Fre- 
quently an article is found in one journal through 
a digest or abstract of it in another. Notably 
the convention papers of the engineering societies 
are found first through their abstracts in the 
trade journals whose indexes appear earlier and 
are Of wider scope than those of the societies’ 
transactions. 

The office is decidedly departmental, the other 
departments being (alphabetically) the Account- 
ing, Auditing, Corporation, Executive, Mailing, 
Securities, Statistical, Stenographic, Transfer, and 
Treasury. The managers in the field, the men 
sent out to take charge of interests in various 
parts of the country, and all who are under their 
control, should be included as having the Library 
directly or indirectly to assist them. By the way 
of indicating the size of the organization Mr. Lee 
quotes from the address of the chairman at the 
dinner recently held for the office members. He 
said: “I have made some calculations as to the 
extent of this Stone & Webster organization. 
There are about 350 men at present immediately 
connected with the organization as it is estab- 
lished here in Boston. ‘That includes all the men 
here, the men of the Stone & Webster Engineer- 
ing Corporation, the Managers and some others 
in the field. Now under the control and sub- 
ject to the direction of these 350 men there are 
some 12,000 to 15,000 employees, or something 
over an army division usually placed under the 
leadership of a Major General.” 

The above signifies that here are not only many 
people for the Library to serve, but many from 
whom it may obtain facts, for whom, therefore, 
it should act more and more as the clearing- 
house of information. On request for a descrip- 
tion of the Taylor Underfed Gravity Mechanical 
Stoker, the Library referred to the Purchasing 
Department for a trade catalogue. When asked 
as to the best books on gas it referred to the 
manager in charge of the Fall River Gas Works 
Company. To decide whether it is worth while 
to add this or that book to its files, the matter 
is frequently referred to such departments as have 
the subject of the book for their specialty. To 
obtain statistics, maps, etc., of the various cities 
in which Stone & Webster are interested, cir- 
cular letters have from time to time been sent to 
managers in the different localities. 

The Boston Public Library, the several li- 
braries’ of the Massachusetts Institute of Tech- 
nology, the State Library, the library of the Bos- 
ton Society of Civil Engineers and a few other 
local libraries, have been helpful sources of refer- 
Of these the Boston Public Library is’ used 
far the oftenest, not only for emergencies, but 
habitually for looking up new books. 

The Document Catalogue of Government pub- 
lications, the encyclopedias in general, the States- 
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man’s Year Book, the almanacs, the city direc- 
tories, the pathfinders, the telephone books (of 
other cities especially) are among many sources 
of infopmation that we fail fully to appreciate. 
Mr. Lee called particular attention to the tele- 
phone book as a convenient directory. 

Mobilizing and specializing are, of course, im- 
portant features of a business library. For in- 
stance, when the company began to consider so- 
ciological questions such as municipal ownership 
and the like, the Library was weak in the num- 
ber of books of this kind. One of the potentates 
expressed himself in strong language regarding 
the Library’s weakness on this point, and so a 
sweeping order was given which soon equipped 
it with all the books particularly wanted. 

The filing is geographical as far as practicable, 
that is, the Library assigns the number I100 to 
the State of Maine, 1110 to a tenth of it, 1111 to 
a tenth of that; 1200 to New’ Hampshire, 1210, 
1211; etc., to its divisions, and so on throughout 
the country. The first figure to the right of the 
decimal is assigned to the company, the rest are 
for class divisions, 1 for estimates, 2 for statis- 
tics, 3 for legal matters, etc., with their subdivi- 
sions. Books defy geographical classification for 
the most part, so that they are shelved generally 
with numbers only to the right of the decimal. 
The decimal idea prevails in the Library, though 
not the Dewey system. 

The items of the “Engineering Index” are 
clipped and pasted in sub-classified form, on con- 
venient sheets for reference purposes. The classi- 
fication. was provisionally made four or five years 
ago by playing a long game of solitaire with the 
clippings of the monthly indexes of some two 
years anda half. With the progress of engineer- 
ing new terms and ideas appear so that the 
classification needs continual revision. In the 
main this classification is a sub-dividing of the 
general divisions and sub-divisions as given in 
the Index, the asigning of the number 10 to civil 
engineering, II to bridges; 12 to construction, 
etc.; 20, etc., to electrical engineering; 30, etc., 
to mechanical engineering; 40, 50, etc., to other 
branches; and to the minor divisions, under 
bridges, 11.1 for arches, viaducts, trestles, etc.; 
and 11.11 for arched bridges and arches in gen- 
eral. So it is throughout the whole, the 60’s and 
over being reserved for personal matters and 
sources of information that are not covered by 
the Engineering Index. 

The “Stone & Webster Current Literature” is 
a private engineering index made from noting on 
slips, of card index size, articles of interest in 
the current periodicals, book accessions and vari- 
ous announcements and memoranda, and listing 
them on typewritten sheets—or printed ones as a 
recent innovation—with nearly the same classifi- 
cation as used for the Engineering Index. The 
items are selected as being of interest to the 
Stone & Webster organization, and, though dis- 
tributed to a certain extent gratuitously, its use- 
fulness to others is necessarily limited. This 
printed form is planned as a quarterly publica- 
tion, but it lags too far behind for current pur- 
poses. Hence, in mimeograph form there is is- 
sued for office reference what are called Semi- 
Weekly Specials. These, of course, do not admit 
of the same refinement 
less frequent ones, though the main general divi 
sions are used and serve for convenience in ba 
reference. 

Of what worth in dollars and cents is the 
brary to the organization? 
accounts and some 
the office regard it as a colossal expense. 
in a while, however, just such persons ma 
some question answered which enables t 
see that thereby plans in their work hy 
changed to effect the saving of thousang 
and for this reason there seem, 
been a healthy growth of the idea t] 


of classification as the 
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as an expense, member 
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brary is a good thing and ought to be main- 
tained in spite of all objections. Mr. Lee feels 
that when his department is more closely in 
touch with other libraries and getting information 
from various parts of the country to a much 
greater degree than heretofore, there will be de- 


cided evidence of what this department is, what. 


it does, and what it can do for the benefit of the 
organization. It is too much in its infancy as a 
feature of business life to be accepted as a mat- 
ter of course. 


Disposal Problem at Hanley, 
England. 


A Sewage 


The new sewage disposal works at Hanley 
must fulfil some unusually troublesome condi- 
tions. The engineers who designed them, Messrs. 
Willcox & Raikes, of London, were obliged to 
construct them on a very small site, within a 
short distance of numerous houses where any 
odor would cause serious annoyance. In design- 
ing the works it was necessary to provide treat- 
ment for dry weather sewage amounting to 1,800,- 
ooo gal., and wet weather sewage of 10,800,000 
gal. In addition to making this provision for a 
wide range in capacity, the effuent must be dis- 
charged. into a very small stream, which has a 
flow during the summer equal to but a small part 
of the volume of sewage reaching the disposal 
works. The sewage is first delivered into a screen- 
ing chamber, from which it passes through three 
grit chambers having a total capacity of 410,000 
gal., about a quarter of the dry weather flow. 
From the detritus tanks the sewage is discharged 
by gravity to low-level works or pumped to high- 
level works, any volume in excess of 10,800,000 
gal. being allowed to pass into the river directly 
from the grit tanks, on the ground that it is too 
dilute to cause nuisance. The high-level works 
consist of four septic tanks of 2,460,000 gal. capa- 
city, or 1% times the dry weather flow, and 334 
acres of bacteria beds. The low-level works con- 
sist of four septic tanks of 2,640,000 gal. capacity, 
and 5% acres of bacteria beds. These beds have 
walls of 14 in. of brick reinforced every 12 ft. by 
buttresses. They have concrete floors 6: in. thick 
with 6-in, semi-circular drains 6 ft. apart to carry 
off the effluent into a chamber where provision is 
made for allowing samples to be taken from the 
discharge of each % acre. The filtering material 
consist of saggers, or refuse from the potteries 
in the vicinity. The beds are 4 ft. 9 in. thick and 
the material ranges in size from 2% in. at the 
bottom to a top layer of particles from %4 to 
l-in, in maximum diameter. 


Tue New Steet PLANT at Gary, IND., is to be 
developed immediately on an even greater scale 
than was originally contemplated, according to 
a statement issued last week by the United States 
Steel Corporation. The original appropriation to 
provide for the construction of the steel plant 
and the municipal works of the new industrial 
town adjacent to it was $75,000,000. The recent- 
ly issued statement announces that an additional 
$45,000,000 has been set aside to be used in widen- 
ing the scope and extent of the steel plant proper. 
Since the very extensive municipal works of the 
new town, which were described in The En- 
ineering Record for July 20, 1907, are practical- 


rk required to develop the site of the steel 
t is well under way, the additional funds 
accordingly all be available for buildings and 
»ment for the steel plant. When it is con- 
d. that in the neighborhood of $120,000,000 
e expended at once in forming this nucleus 
new industrial center at the southern end 
Michigan, the magnitude which that cen- 
be expected to assume within the next 
is difficult to overestimate. 


completed, and the vast amount of preliminary: 
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A Buttressed Concrete Dam. 


The Beacon ‘reservoir, a part of a gravity 
system of water supply, is situated just above 
West Point, N. Y., but on the opposite side 
of the river, on Mount Beacon, some 1,200 ft. 
above the high water level of the Hudson River, 
immediately back of the village of Matteawan, 
and was built for storing and furnishing a por- 
tion of the water supply for Matteawan, Fish- 
kill-on-the-Hudson, the New York State Hospi- 
tal at that place, and some important manufactur- 
ing establishments.. A storage reservoir is of 
course calculated to equalize the run-off-from the 
water-shed and the variations in the quantity of 
water flowing in the stream so as to produce so far 
as practicable, a sufficient supply the year through. 
The capacity of a storage reservoir, to be com- 
pletely efficient when situated upon a moderate 
or small stream, should amount to the daily con- 
sumption multiplied by the probable number of 
summer and fall days during which the stream 
will be practically dry, or at least very much 
lower than the needed supply calls for; that is, 
during the hot months of August and Septem- 
ber certainly, and perhaps during July and Oc- 
tober as well, so as to provide against the ac- 
tual use and wastage of water, besides the evap- 
oration and whatever, if any, unavoidable leak- 
ages there may be from the reservoir itself and 
its conduits. 

Also, the matter of spillway where the heavy 
rush of storm water is far above the ordinary 
flow of the stream needs careful attention, and, 
although the average rainfall per annum for the 
part of New York State under consideration is 
only about 48 in., it will be necessary for safety 
to provide spillway capacity for an impounding 
reservoir sufficient for the easy accommodation 
of the greatest quantity of water possible to 
reach such a spillway at any time; and this nec- 
essity was dramatically illustrated in a rather 
startling manner a few years ago at this very 
dam, when, in ‘its form of construction pre- 
vious to its present rebuilding and enlargement, 
the entire length of the dam was overtopped by 
a flood of storm water from an extremely heavy 
thunder shower, commonly called a cloud burst. 
In the reconstruction and increase in the height 
just finished, the new spillway was calculated 
for the heaviest known rainfall upon the water 
shed, was doubled in length, and was made about 
four times as deep as before, so that in all 
probability the area of watershed available, will 
be fully accommodated under the most extreme 
circumstances of storm water and run-off. From 
records kept since 1866 it is no doubt safe for 
supply to reckon upon 38 in. of water as the 
minimum rainfall for any year in this region, 
as 38 in. is the minimum for the period from 
1866- to 18698, and very likely this amount will 
be greatly exceeded most of the time, and it 
will certainly be exceeded some of the time, 
as the average rainfall is 48 in. during the above- 
mentioned period for the Hudson Valley, from 
say, 10 miles south of West Point to 10 miles 
north of Newburg. The greatest rainfall for 
this period was 63.51 in. in 1888, the least rain- 
fall was 38.33 in. in 1895; during 16 years of 
the 33, the annual rainfall was above the average, 
and during 17 of the years it was below the 
average. In 1869 and in 1891 it was very close 
to the average, just a trifle above; it was be- 
low 40 in. only two of the years, 1880 and 1895; 
and was below 44 in. during 8 of the years, 
1872, 1873, 1874, 1875, 1876, 1880, 1883 and 1805. 

The watershed of the Beacon Reservoir, on 
account of its lofty situation, is of so moderate 
an area that there is a limit to the profitable 
dimensions of the dam, but from the short and 
rapid run-off, the rock nature of the watershed 
surface, etc., it is no doubt safe to calculate 
upon 65 per cent. of the rainfall as available 
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for collection in the reservoir. The water fall- 
ing as rain upon the surface of the reservoir 
to the amount of 100 per cent. would not quite 
cover the evaporation for the low year, and the 
low year with corrected evaperation will yield 
a storage of 103,000,000 gal. For the average 
year there ‘will be a yield of 134,000,000 gal. 
from the shed, and about 2,000,000 gal. over 
and above the evaporation from the surface of 
the reservoir, making in all say 136,000,000 gal. 
of water available for an average year. 

The above figures indicate that the original 
height of the dam, which was 23 ft. above the 
bed of the stream, was about 6 in. higher than 
was actually necessary for the lowest record 
of rainfall; was more than 4 ft. too low for 
the collection due to the average record of rain- 
fall; and could be filled if 12 ft. higher than 
originally built, at the high record rainfall of 
1888. There might be some slight variations 
from these figures, probably towards the high 
side, but they are according’ to the best-known 
methods for determining such facts. The orig- 
inal dam might have been built for the low 
record, if not built previously to 1888, for in 
that year the rainfall was nearly down to the 
lowest (shown in 1895) for the 33 years. The 
Beacon is a reserve supply calculated to fill be- 
tween November and the following July, against 
the time when the other gravity supplies of this 
system fail in the summer months, and it must 
be considered that it is not necessarily emptied 
every year and therefore the dam could be 
higher than the figures_actually indicate for a 
complete filling, especially as a wet season pre- 
ceeding and succeeding a dry season would give 
a larger storage than the average, and with even 
two dry seasons successively, a very large stor- 
age at the start would be of great advantage. 
Considering all of the facts, it was deemed 
good judgment in concluding how much higher 
it would pay to build the dam for the accommo- 
dation of this rather limited watershed, to take 
advantage of the average rainfall in excess of 
48 in. (48 in. being the average for 33 years) 
as a basis for calculation, and this was found 
to amount to 54 in. Then allowing for evap- 
oration, it was determined that the dam could 
be raised 7 ft., giving a total storage of 186,- 
000,000 gal., including the new slopes to be 
covered by the rise of the water level. There- 
fore the plans and specifications were prepared 
for an increase of 7 ft. above the original height 
of crest, and made of sufficient resisting power 
to permit of still further height being obtained, 
in case it was found that the run-off from this 
unusally rocky and impervious watershed proved 
to be of still greater percentage of the rainfall 
than had been allowed for. : 

The accompanying diagram shows in the di- 
agonal shading A, the typical or full section of 
the original dam, built of trap stone quarried 
near the site. The portion B, of the figure, in- 
dicating concrete, shows the addition to the dam 
in its fullest section, and also an outline C, of 
the buttresses. It will be noted that there is a 
groove or dovetail cut into the top surface of 
the original dam to provide a cut-off for the 
water and also to completely lock the old and 
new work together; also that the outer edge 
of the older dam is rounded to add strength 
to the concrete jacket at this point. 

One of the views illustrates the method of 
putting up the forms for ramming the concrete 
in during construction, it being thought best 
to place all of the necessary forms at once, in- 
stead of ramming and shifting as is often done 
in concrete work; the complete series of forms 
permitting a continuous building of the work 
which was considered to give a better and closer 
knit character of fabric. 

Another illustration gives a view of the en- 
larged and completed dam, showing the but- 
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tresses and spillway at the downstream face, and 
it will be noticed that the original dam is con. 
pletely covered up and hidden by the buttressed 
reinforcement of concrete which now really forms 
the dam at the downstream side. The back of 
the original stone dam, or the side not here 
seen, still shows beneath the line of the new 
concrete work, but at some future day it will 
probably be sheathed either with concrete or 
new stonework, as this older work heretofore 
gave evidence of considerable leakage through 
the masonry, which although practically stopped 
by the front facing will be further improved by 


-a new back lining. 


The original stone dam was built probably 
over twenty years ago, and was located upon 
a solid rock foundation bed, the rock extend- 
ing well up the slopes at the ends of the dam, 
in fact to a sufficient height for the safe support 
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Completed Dam of the Beacon Reservoir, Matteawan, N. Y. 


of the new work. The original spillway was 
simply a shallow notch of very moderate length 
formed through the crest of the dam near the 
middle of the length, and permitted the outflow 
to fall from the top to the bottom of the dam 
at its greatest height of section. The spillway 
for the new work is of very liberal dimensions 
and is situated at the easterly end of the dam 
where the fall of the outcoming water is com- 
paratively little and where a natural rock bed 
forms an excellent passageway for the storm 
water coming over the spillway, down to the 
stream bed below the dam. 

The new concrete structure is about 350 ft. 
long and 33 ft. high at its greatest depth of 
section, the depth of the water immediately 
back of the dam being about 30 ft. The peculiar 


ENGINEER’s EstIMATE ON Beacon Dam REBUILT, AT Mat- 
< TEAWAN,~N. Y. 


Quantity of concrete in place in completed 
SMe etarataraie rams eo \aietaealiacs ese, ove ss oars 
Concrete mixture—1 cement, 2% sand, 5 
crushed stone. ’ 
Quantities of materials— 


1,500 cu. yd. 


LSE LS oS rt GIS QA Bn Be Ore 2,400 bbl 
Ne eS ee ae sooo “* 
DUI RT OM Coils cig cienin sis le oic's-si.s se es = 12,000 ‘ 

Cost at the dam— 
Tomemiomer Db. bags... ca cvwie cee e sce cease $1.85 
SERIO UCHDIC Vail .'ec cia sc ce c.cde cc ts oscee 4.50 
Crushed stone per cubic yard.............. 5.00 
Seer. MM. MaMber: 6.00 ee cee ce tees 450.00 
MUON LAINIE = ia a ne oes ois ale wn eo aie oe 600.00 


Estimated cost of the dam— 


Crushed stone $7,500.00 
3375-00 

4,440.00 

2,070.00 

1,050.00 

FPoremen, expenses, etc..,....--...5+00005 1,065.00 
Stone cutting .......... eames taal hs csra so, abtenlone 500.00 
Walves and fittings in place........-...-.4. 165.00 
$20,165.00 

Contractors profit, expenses, etc., 10%........ 2,016.50 


RLU EVCREIIALG oe\c» o's ode acceee seek nans $22,181.50 
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the premises reaching scarcely above normal. 
Materials such as cement, sand, crushed stone 
and lumber at the ordinary points of rail and 
water delivery were reasonable enough in price, 
but transportation to the site of the work was 
nothing less than heroic in character, and brought 
the costs of such materials up to the figures 
exhibited in the accompanying estimate. 

In round numbers, this is $23,000, and the con 
tract was let for about 7 per cent. less. 

This estimate was made in the spring of 1904 
just after prices of all kinds of materials had 
begun to fall; they have gone considerably higher 
since that time, but even at present prices the 
above given cost would probably be safe. Con- 
sidering the difficulties of transportation up a 
grade of 1,200 ft. within 2 miles, the contract 
price for the work was considered quite satis- 
factory, to the buyers at least; a part of the 
saving on the cost of the dam was probably due 
to the fact that the successful bidder calculated 
upon taking a stone crusher up to the work, 
which he did, and as the trap rock was obtained 
upon the premises without any cost to him, he 
also saved the cartage upon a good many tons 
of material, bearing only the small expense of 
operating the crusher. 

The concrete improvements were designed, and 
the plans, specifications, and estimates were pre- 
pared by Mr. Charles A. Hague, Mem. Am. Soc. 
C. E., consulting engineer, New York. 


A Stream Pollution Decision. 


The pollution of streams by mining opera- 
tors was recently before the Alabama Supreme 
Court in Ala. Con. Coal & Iron Co. v. Vines, 44 
Sou. Rep. 377, when it was decided that, though 
mining companies may use a stream for mining 
purposes, they must not place in it anything 
which will materially pollute the water where it 
passes the land of a lower riparian owner, or 
which, being deposited on his land, by an over- 
flow of the stream, will injure the land. The 


Forms for Buttresses and Addition to Dam in Place. 


buttress design was suggested naturally enough 
by the extremely high cost of material delivered 
at such an out-of-the-way site; the prime ob- 
ject being to reduce the amount of materials to 
the lowest terms, the labor being quartered upon 


measure of damages due to coal dust deposited 
by such an overflow includes loss of crops al- 
ready sustained, as well as permanent injury to 
the land, though the loss of crops cannot be 
added to permanent damages as such. 
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Economical Methods of Highway Bridge Con- 
struction. 


The constantly advancing prices for all kinds 
of timber have made the cost of falsework ex- 
pensive for light bridge erection, and serious study 
has been given to different methods for reducing 


it. A novel and ingenious scheme for making | 


wooden falsework adjustable to different heights 
and adapting it to be used over and over again 
for successive bridges, so that it is shipped from 
place to place like hoisting engines or other parts 
of the bride erector’s appliances, has recently 
been developed and satisfactorily used by the York 
Bridge Co., of York, Pa., Mr. Guy Webster, 
President, and Mr. F. W. Bigger, engineer. 

For ordinary work transverse bents are made 
with two vertical and two battered posts IoxtIo or 
12x12 in. The timber for these is purchased in 
as long lengths as are available and the joints 
between successive stories at each end of the 
transverse horizontal struts, corresponding to the 
caps and sills of ordinary construction, are made 
with a pair of steel plates about 18 in. wide and 
5 ft. long in vertical planes with their long di- 
mension horizontal. Vertical 12-in. channels 18 
in. long are riveted across one side of each plate 
with clear spaces of I in. between them, and the 
I-in. spaces are punched for 7%-in. horizontal tie 
bolts connecting the pairs of plates on opposite 
sides of the horizontal struts and of the vertical 
posts. 

The vertical and battered posts and horizontal 
struts’ are arranged side by side between the 
inner faces of the plates and the latter are 
clamped very tightly together by bolts passed 
through them in the spaces. between the 
timber. These can be drawn. up __ tight 
enough to develop friction sufficient to 
hold the entire load on the falsework and 
thus enable the connection to he made abso- 
lutely without cutting or boring the timber and 
provides for it to be made at any point of the 
vertical posts, thus enabling the latter to slip past 
each other and make a telescopic joint which per- 
mits of any height of falsework within the limits 
of the length of the material. The plates have 
slotted holes to receive the hook ends of diagonal 
rods with sleeve nut adjustments and with sec- 
tions made with pin-connected flat bars enabling 
the lengths of the diagonals to be varied by incre- 
ments of 3 in. in the pin holes and of smaller 
distances by the sleeve nut adjustments. False- 
work assembled with these connections has been 
found very rigid and satisfactory and has been 
taken down and moved from one site to another 
with greater.economy and convenience. 

An important advantage of this type of false- 
work is the opportunity it affords of compensa- 
tion for any irregularity of settlement in the dif- 
ferent posts. If one of them goes down farther 
than the rest, or if irregular scour exists under- 
neath it, it is very easy to loosen the clamp bolts 
adjacent to it, insert a jack on top of it with re- 
action pieces reaching up to the next joint, and 
force it down readily as far and as often as may 
be required without interfering with any other 
part of the falsework. The adjustable diagonals 
also lend themselves very satisfactorily to the dis- 
tortion of panels and can be changed as often as 
the falsework may require it to provide for set- 
tlement or any other variation in the panel. 

This falsework is erected by a special traveler 
with a horizontal rolling platform and two stiff- 
leg derricks mounted on the forward corners with 
sufficient reach to overhang one panel in advance, 
and sufficient strength to lift together a completed 
bent of falsework, and put it in position. The 
steel work is erected by a second 2-bent traveler 
running inside the trusses and provided with four 
booms, one at each corner. The bents have no 
bottom: transverse sills, but are connected by 
longitudinal top and bottom sills and X-bracing. 


nary hoisting engine. 
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Their transverse X-bracing is arranged so as to 
give clearance enough in the center for material 
cars to be run through the traveler on a track 
laid between its posts, and thus deliver directly to 
the forward booms. The hoisting and topping-lift 
tackles of each boom are operated by separate 
individual electric hoists making altogether 8 for 
the traveler, besides which there is an additional 
hoist suspended from the jigger beams at each 
corner of the traveler, making a total of 12. 

The hoists are of special construction, designed 
by the York Bridge Co., and manufactured for 
them by the Westinghouse Electric Co. They 
consist essentially of, a small drum with spiral 
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cial power house built for the purpose at any con- 
venient location on shore near the bridge site. An 
air compressor driven directly by steam is also 
installed there and a Westinghouse generator of 
35 k.w. capacity furnishes the electricity for op- 
erating all of the hoists and makes the plant en- 
tirely independent of local electrical power. 
Riveting, reaming, and steel drilling are done by 
tools built by the Cleveland Pneumatic Tool Co., 
and facilities are thus provided for handling high- 
way bridge erection as rapidly, economically and 
thoroughly as is customary with railroad work. 
A recent bridge erected with this plant is the 
State. Bridge at Berwick, Pa., and another, now 
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Steel Inside Traveler with Twelve Hoists. 


grooves to guide the steel cables used. They have 
pinions integral with them which engage a worm 
thread cut on the shaft directly connected to the 
motor, the latter being made special for the pur- 
pose and adapted to instant reversal. This ar- 
rangement keeps the load always under. absolute 
direct control with no possibility of back-slide or 
overhauling, allows the motor to be started and 
stopped at any point or to be reversed_instantly 
and dispenses with the use of brakes, friction 
clutches, and other complicated parts of an ordi- 
They aresso simple that 
they require little or no attention, and do not 
suffer when exposed to severe conditions and 
inclemencies of very bad weather. The same 
hoists are used on the derricks of the falsework 
traveler and for all other hoistng purposes in the 
erection work done by this company. 

The erection appliance considered standard for 
bridges of any magnitude includes a boiler plant 
shipped direct to the site and installed in a spe- 


in course of erection, is a fourteen-span bridge 
at Sunbury, Pa. ‘ 

The Berwick bridge, across the Susquehana 
River, is 1,800 ft. long and carries a highway at 
an elevation of about 60 ft. above the water and 
on a 14 per cent. grade. It comprises six 250-{ft. 
channel spans and three 1oo-ft. approach spans 
with a,roadway .22 ft. in the clear carried on 
transverse wooden joists, and contains about 3,- 
000,000 Ib. of steel and 270,000 ft. b. m. of lum- 
ber. 

The very irregular river bottom is of shale 
rock with vertical seams filled with gravel and 
coal culm which washes in and out with varying 
stages of the water. A survey and careful sound- 
ings were made for each of two lines parallel 
with the bridge axis and to ft. distant from it in 
the planes of the falsework vertical posts. From 
these data profiles and cross sections were pre- 
pared and the falsework was accurately designed 
to suit the location. All posts were made with 
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8x8-in. timber with the corners slightly chamfered 
to fit the fillets of 8-in. channels riveted to the 
insides of the clamp splice plates previously de- 


. scribed. The posts were assembled with struts 


and diagonals complete in horizontal planes near 
the traveler track. They were run through the 
traveler on trucks and lifted and swung forward 
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are all controlled by one man on the upper plat- 
form. The traveler was provided with arc lights 
run from the dynamo in the power house at the 
end of the bridge, and used early in the morn- 
ing and late at night of short dark days. Before 


the trusses were assembled by the main traveler 
the floorbeams and joists were set by the false- 


Traveler Erecting Falsework, 


one panel in advance by the traveler booms which 
maintained them in a yertical position until their 
lower sections were driven to solid bearing by a 
hammer (consisting of a 6-ft. section of old rail 
or equivalent weight), operated by a whip line 
from the hoisting engine’ and guided by a man 
standing on the joint. The braces and diagonals 
were connected making the bent stable, stringers 
and track laid and the traveler advanced to the 
next panel and so on. In each bent the center 
transverse strut was pin-connected to the splice 
plates on the first post and at the other end was 
temporarily lashed to the top of the post. The 
lower strut was similarly connected to the other 
post, so that when both posts were in position 
it only remained to add the top strut and longi- 
tudinal braces. 

The falsework traveler was made of steel with 


clearance through it for material cars and had 
two-story rear extension platforms on both sides 
for the four electric hoists which operated the 
booms and were all controlled by one man on the 
bridge platform overhead, where he could see all 
parts of the work. The falsework posts were 
lifted and swung out by both booms together, 
after which one tackle was slacked off faster than 
the other to drop the foot. This traveler was also 
used to erect the low trusses of the approach 
spans, 

Material was unloaded from the cars by an 
8o-ft. guyed steel derrick, which arranged it in 
assorted piles and loaded it without unnecessary 
handling on the service cars which delivered it 
to the erection traveler. This traveler, also of 
steel, is about 60 ft. high, weighs 20 tons, and has 
four wheels. It is of adjustable width and in 
this case was framed with a width of 16 ft., leav- 
ing 3 ft. clearance on both sides with the trusses. 
Small working platforms on both sides are ad- 
justable to any heights convenient for making the 
truss connections, and the twelve electric hoists 
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‘Lhe erection of this bridge vras described and 
illustrated in an interesting and valuable address 
made by Mr. Webster at the annual meeting of 
the Bridge and Structural Society at Chicago, Jan. 
15 and 16, 1907. He spoke from a practical and 
commercial standpoint and strongly urged the 
importance of careful investigation and study, 
thorough preparation and the best and strongest 
appliances for erection work. He criticized the 
tendency to dispense with permanent erection or- 
ganization and asserted that a good erection is 
the best salesman. Careful examination of all 
conditions, analysis of the requirements and pro- 
vision in advance for all successive stages and 
operations of the work are essential to satisfac- 
tory work, and it is economcal to make new ap- 
pliances of ample size and strength. He em- 
phasized the superiority of a poor idea well 
planned over a better idea with no preliminary 
thought, and advised a system of accounts classi- 
fying the costs of different items of the work. 
He suggested improvements in removing and 
transferring falsework and in a light traveler 


Part of Falsework Bent Assembled Ready for Erection. 


work traveler, great care being taken to place 
them very accurately, for which purpose they 
were adjusted to line and level by an instrument 
set up on the pier masonry. After the trusses 
were swung the falsework bents were removed 
by tackles suspended from the superstructure; 
their removal and fransfer from one span to the 
next proved to be a difficult and expensive task. 


that should be adjustable to pass under transverse 
struts, for painting, riveting, etc., at any height. 


Tue Pic Iron Ovurpur of this country dur- 
ing the first half of the current year was 13,478,- 
000 gross tons, the largest production during 
six months in the history of the American 
industry, and greater than any year before 1899 


A Submerged Power Station. 


A submerged power station that: rivals in in- 
terest, although much smaller, the famous plant 


constructed at Snoqualmie Falls a few years ago 


has recently been put in operation on the Patapsco 
River, near Ilchester, about 15 miles from Bal- 


timore. It is the first example of a type of power’ 


station which the designers, the Ambursen Hy- 
draulic Construction Co., of Boston, and Mr. H. 
Von Schon, of Detroit, consulting hydraulic en- 
gineer, have suggested for a number of places. 
[In reinforced concrete dams of this type, there 
is a large space within the structure, and the 
desirability of utilizing this space for power ma- 
chinery is evident in those cases: where other 
local conditions do not permit a greater head to 
be developed by constructing the station else- 
where. 

The cross-section of the dam near IIchester is 
shown in the accompanying cut, which also in- 
dicates the position of the water wheels. The 
dam is 220 ft. long and 26% ft. high from nor- 
mal tail water to the overflow of the spillway, 
which is 168 ft. long. At each end of the spill- 
way the buttresses and deck are carried I0 
ft. above its crest, making a total height of 36% 
ft. at these places. The buttresses supporting 
‘he deck are 12 ft. apart on centers, 2 ft. thick 
at the bottom and 16 in. thick at the top. The 
deck is 18 in. thick at the bottom and 10 in. at 
the top and reinforced with corrugated bars in 
the usual manner adopted by the builders. 

The apron extends only half way down from 
the crest, the remaining downdtream portion 
being entirely open and provided with windows 
so that the interior may be lighted. The shape 
of the apron is such that the water is thrown 
away from the windows, and, on a clear day the 
illumination is all that could be desired, although 
it is poor during rainy weather and at times 
when the water is muddy. 

The water-tightness of such a station has to 
receive special care, because electrical apparatus 
will not give the best service'in the presence of 
considerable moisture. Up to the present time no 
trouble whatever has been experienced from 
dampness at this plant. The concrete of the 
deck is a 1:2:4 Portland cement mixture laid 
very wet, but without any particular precaution 
to insure tightness. Nevertheless, very little 
water finds its way through the concrete, and 
that little trickles down the under surface of 
the deck to a drain at the bottom. In order 
to make it certain that no water falls on the 
equipment of the station, 108 ft. of the dam 
which houses the power plant is fitted with a 
false ceiling, as shown in the cross section. This 
completely protects the apparatus. 

The station contains two 34-in. horizontal Lef- 
fel wheels with Woodward governors, each 
wheel direct-connected to a 300-kw., 11,000-volt, 
three-phase, 60-cycle alternator. Each alternator 
drives by a belt.a 125-volt -exciter. 
for the wheels is taken from the deck of the 
spillway about 5% ft. below its crest, through 
a 7-ft. flume, which runs directly into the shell 
of the wheel. It is discharged from the latter 
through a draft tube carried down into a well 
about 3 ft. below the river bed, from which it 
flows away through a channel cut in the rock. 
The advantage of such an arrangement in elimi- 
mating losses due to long pipes and bends is mani- 
fest. 

The plant is owned by the Patapsco Electric 
& Mfg. Co., Ellicott City, Md., and supplies cur- 
tent for lighting and power purposes. 


PERMANENT BencH Marks established by the 
City of Chicago in 1898 have settled in the 
district honeycombed by the operations of the 
Illinois Tunnel Co., but not elsewhere. 


The water: 


THE ENGINEERING RECORD. 
Letters to the Editor. 


RESULTS AT THE SOUTH BETHLEHEM, PA., FILTER 
PLANT. 


Sir—The following are the results of the bac- 
terial analyses of the water furnished by the 
Bethlehem City Water Co. to its consumers, as 
per reports submitted by Mr. F. W. Green, bac- 
teriologist of the East Jersey Water Co., Little 
Falls, N. J., to Dr. H. S. Drinker, president of 
Lehigh University, South Bethlehem, Pa. 


Bacteria jn 1 c.c. —Colon Bacilli in 1 cc. 


—ubsidence wilter Subsidence Filter 

Date Reservoir. Outlet. Reservoir. Outlet. 
Dec. 29, 1906.. 100 2 Present. Not present. 
Jan. 14, 1907.. 2300 Ir Present. Not present. 
Feb, 16, 1907.- 130 5 Present. Not present. 
Mar. 9, 1907.. 210 3 Present Not present. 
Mar. 23, 1907.. 475 12 Not present. Not present, 
Apr. 6, 1907.. 350 Not present. Not present, 
May 11, 1907.. 1700 3 Not present. Not present, 
Apt. 20, 1907.. 7eOp Present Not present. 
ay 25, 1907.. 900 2 Present Not present. 
June 8, 1907.. 950 t Not present. Not present, 
June 22, 1907.. 550 I Present Not present. 
July 13, 1907.. 950 o Not present. Not present, 


Yours truly, 
Philadelphia, Pa. Ay Wa Ks. 
[The South Bethlehem slow-sand filter plant 
was described in detail in The Engineering Rec- 
ord of July 15, 1905. It was designed by Mr. P. 
A. Maignen and has an ultimate capacity of 
4,000,000 gal. per day at a uniform rate of about 


7,000,000 gal per acre per day. The settled water 


is passed through preliminary scrubbers before 
it is delivered to the slow-sand filters. ] 


Tue ToroGRAPHICAL Party. 


Sir-—I have noticed that the most disputed 
topics in a railroad preliminary camp in moun- 
tainous country are the proper organization and 
the methods of the topographical party. The 
reason is largely becatise many of the men were 
educated on prairie work and try to introduce 
the methods to which they are accustomed. 

Many of the older. railroad surveying manuals 


and field books give a somewhat elaborate or- . 


ganization for the topographical party, and pre- 
scribe the duties of topographer, assistant topo- 
grapher, rodman und-tapeman. Most field engi- 
neers have concluded that such an organization 


is not economical and on many roads, where hand ~ 


level and tape are used, the party consists of two 
men. While it is true in general in open flat or 
gently rolling country that the four-man party is 
unnecessary, it may not always be true in moun- 
tain districts. Where there is little sketching to 
be done, a topographer and a rodman can do 
fairly well in open country where there are 
few buildings, and contours are taken for only 
a short distance each side of the center line. 


But, on the contrary, where much sketching must . 


be done the opening of the note book and fumbling 
for a pencil every few feet is costly in time, and 
tends toward slovenly note keeping, while the 
amount of detail work required of the topographer 
introduces a considerable liability to error. 

But not satisfied with using the two-man party 
in its proper field, level country, the prairie-edu- 
cated engineer when transferred to the mountains 
often fails to recognize the new conditions and 
sticks to his pet organization, arguing that it 
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saves in the total number of men on the work. 
He does not recognize that the vital points are 
the cost of the survey per mile, and the reliability 
of the data, and on these bases the three or four- 
man party demands consideration, I have seen 
mountain preliminary parties laid up one or two 
days every week in order that the transitman and 
the levelman might help the topographer catch 
up in his work. Many engineers fail to recognize 
the value of specialization and expect the transit- 
man and levelman and their crews to take as 
much and as good topography in a day as the 
topographical party. In few cases is this realized. 
Of all the positions in the field, that of topo- 
erapher requires more experience and the greater 
exercise of judgment than any save that of locat- 
ing engineer or chief. This practice of “catch- 
ing up” has the further disadvantage of breeding 
discontent among the cheaper men on the party, 
who, as a rule, dislike topographical work. 

From the writer’s experience a return to the 
larger organization of the topographer’s party is 
desirable in mountain country for economy and 
improvement in the quality of the work. The 
topographer should be given at least three men, 
and where the mountains are steep and the brush 
thick, four men, the last man carrying an ax and 
acting as rear tapeman when there is no cutting 
to do. : 

Any man of ordinary intelligence can be taught 
to use a hand level with accuracy and a $50-per- 
month man once given the height at the center 
line above or below the contour can pick out the 
succeeding contours with more reliability than 
the topographer himself,-since his sole duty is to 
carry his-elevations, while the topographer must 
sketch, nate the character of the land, and record 
all the data. A 5-ft. stick, on which to rest the 
hand level, and a 7 or 8-ft. rod, with the alter- 
nate feet painted in different colors, are the best 
‘Snstruments” in mountainous country. 

The rodman in going uphill acts as head tape- 
man and the topographer, levelman or extra man, 
when one is provided, reads the tape. Going 
downhill the levelman drags the tape, and one 
of the other men reads it. The most rapid work 
can, of course, be done with two tapemen and a 
hand levelman, in which case the topographer does 
nothing but hand!e his note book. But even with 
three men the topography in quite hilly country 
can be kept up pretty well. This saves laying off 
both transit and level parties, a costly procedure, 
and requires only one or two extra men, depend- 
ing on whether three or four men are used in 
taking topography, at the lowest salary paid, the 
regular topographer’s rodman acting as hand 
levelman. I have heard it objected that a rod- 
man is not paid to bear the responsibility of a 
levelman, but the average rodman is able and 
anxious to do the work. 

The improved quality of the work can be 
judged when it is considered that under the two- 
man method the topographer acts as levelman and 
carries his elevations in mind, reads the tape and 
carries distances metally, records all data, 
sketches, and makes necessary topographical 
notes, while with three or four men his duties are 
confined to sketching and recording. ; 

Very truly yours, 
TRANSITMAN. 

Missoula, Mont. 


ConpENSER TROUBLES in a station having two 
surface condensers employing sea water for cool- 
ing have been overcome by placing pencils of 
zinc about 6 in. long in the suction chamber. 
Formerly the galvanic action between the iron 
base and the other metals in the condensers led 
to the rapid corrosion of the iron. This has ap- 
parently ceased entirely since the zinc pencils 
were introduced, although the latter are eaten 
away rapidly. 


